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ABSTRACT
The outer Galaxy beyond the Outer Arm provides a good opportunity to study star formation in an
environment significantly different from that in the solar neighborhood. However, star-forming regions
in the outer Galaxy have never been comprehensively studied or cataloged because of the difficulties
in detecting them at such large distances. We studied 33 known young star-forming regions associated
with 13 molecular clouds at RG ≥ 13.5 kpc in the outer Galaxy with data from theWide-field Infrared
Survey Explorer (WISE) mid-infrared all-sky survey. From their color distribution, we developed a
simple identification criterion of star-forming regions in the outer Galaxy with the WISE color. We
applied the criterion to all the WISE sources in the molecular clouds in the outer Galaxy at RG ≥
13.5 kpc detected with the Five College Radio Astronomy Observatory (FCRAO) 12CO survey of
the outer Galaxy, of which the survey region is 102◦.49 ≤ l ≤ 141◦.54, −3◦.03 ≤ b ≤ 5◦.41, and
successfully identified 711 new candidate star-forming regions in 240 molecular clouds. The large
number of samples enables us to perform the statistical study of star-formation properties in the
outer Galaxy for the first time. This study is crucial to investigate the fundamental star-formation
properties, including star-formation rate, star-formation efficiency, and initial mass function, in a
primordial environment such as the early phase of the Galaxy formation.
Keywords: Galaxy: formation — infrared: stars — ISM: clouds — stars: formation
1. INTRODUCTION
In the past, star formation has been studied in de-
tail in nearby star-forming regions (D < 1 kpc), such as
Orion or Taurus. As a result, star formation properties,
including star-formation rate (SFR), star-formation ef-
ficiency (SFE), and stellar initial mass function (IMF),
have been derived accurately in each star-forming region
(e.g. Bastian et al. 2010; Kennicutt & Evans 2012). The
important question is to address whether the same prop-
erties hold true even in a primordial environment with
low gas density and low metallicity, such as in the early
phase of the formation of the Galaxy.
In low-gas-density environments, the SFR is known
to decrease significantly from the empirical relation be-
tween SFR surface density (ΣSFR) and total (atomic
and molecular) gas surface density (Σgas) known as the
Kennicutt-Schmidt law (ΣSFR ∝ Σ
n
gas; Schmidt 1959;
Kennicutt 1998; Kennicutt & Evans 2012): the expo-
nent n in the Kennicutt-Schmidt law increases from the
usual n ∼ 1 (10 M⊙pc
−2 . Σgas . 100 M⊙pc
−2) to
n ∼ 2 in regions that have surface density less than 10
M⊙pc
−2 (e.g. Figure 15 in Bigiel et al. 2008). The
recent Herschel observations of nearby dwarf galaxies
suggest that constant SFE (cSFE; ΣSFR/Σgas) decreases
significantly in low-metallicity environments (Shi et al.
2014). However, the mechanisms for this qualitative
change of star formation have not been understood, be-
cause detailed observations of star-forming regions have
been impossible even in nearby galaxies, not to mention
in high-z galaxies.
The outer Galaxy beyond the Outer Arm has an en-
vironment significantly different from the solar neigh-
borhood, with a much lower gas density (Wolfire et al.
2003) and lower metallicity (Smartt & Rolleston 1997).
The region is often called the far outer Galaxy (FOG),
which is nominally defined as the region with a galacto-
centric radius of more than 13.5 kpc (e.g. Snell et al.
2002). Furthermore, we have defined the extreme
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outer Galaxy (EOG) for the region of RG ≥ 18 kpc
(Kobayashi et al. 2008; Yasui et al. 2008), where little
or no perturbation from the spiral arm is expected.
The EOG serves as an excellent laboratory for study-
ing the star-forming processes in an environment that
has characteristics similar to those in our Galaxy in
the early phase of the formation and dwarf galaxies
(Ferguson et al. 1998; Kobayashi et al. 2008). In our
Galaxy, the SFR and cSFE have been derived up to RG
∼ 15 kpc (Kennicutt & Evans 2012), and they clearly
show those trends; the SFR and cSFE start to decrease
significantly at RG ∼ 13.5 kpc and then drop at RG ∼
15 kpc to roughly one-eighth and one-fourth of those
in the solar neighborhood, respectively. The FOG and
EOG are much closer than any galaxies; hence, the most
detailed study of the star-forming region is well possible,
as presented in this paper.
Several hundreds (∼ 500) of molecular clouds have
been detected in the FOG (e.g. Snell et al. 2002;
Brunt et al. 2003) and EOG (e.g. Digel et al. 1994)
up to RG ∼ 22 kpc (top panel of Figure 1).
Compared with the solar neighborhood, however,
many fewer star-forming regions have been identi-
fied (e.g. Yasui et al. 2006; Brand & Wouterloot 2007;
Izumi et al. 2014), primarily because of the difficul-
ties in detecting them at such large distances, let
alone determining their distances. These kind of stud-
ies have been traditionally conducted with the In-
frared Astronomical Satellite (IRAS; Neugebauer et al.
1984; Beichman et al. 1988) infrared (IR) all-sky survey
data (e.g. Hughes & MacLeod 1989; Kerton & Brunt
2003). The recent mid-infrared (MIR) all-sky survey
explorer Wide-field Infrared Survey Explorer (WISE;
Wright et al. 2010; Jarrett et al. 2011) has achieved a
major increase in sensitivity: about 100 times greater
than IRAS (Wright et al. 2010). Therefore, the WISE
data have a great potential in searching for distant star-
forming regions. In the past studies, WISE magnitude
and color for individual young stellar objects (YSOs)
in the solar neighborhood (D ≤ 2 kpc) have been es-
tablished (e.g. Koenig & Leisawitz 2014) by comparing
them with the well-established data from the Spitzer
Space Telescope (Werner et al. 2004).
Considering the typical distance between YSOs in
young clusters (2′ – 3′ for the Taurus star-forming re-
gion at D ∼ 150 pc), we cannot resolve clusters beyond
D ∼ 4 kpc into individual stars with the resolution of
WISE (∼6′′ – 12′′). In this paper, we study the WISE
magnitudes and colors of known young star-forming re-
gions, without resolving them, in the FOG/EOG and
aim to develop a simple identification criterion to iden-
tify unresolved star-forming regions at a large distance.
Furthermore, we select CO molecular clouds from a
number of surveys as the reference to our study, given
that our targets, young star-forming regions (age < 3
Myr), should accompany their parental molecular clouds
(Lada & Lada 2003). We will then apply the criterion to
all theWISE data in CO molecular clouds detected with
the Five College Radio Observatory (FCRAO) 12CO
survey of the outer Galaxy (Heyer et al. 1998), which
has achieved the best combination of large-areacoverage
and high sensitivity among all the available outer Galaxy
surveys.
The goal of our study is to understand the global prop-
erties of star-formation activities beyond the Outer Arm
in the scale of molecular clouds. In this paper, we de-
scribe our method of searching for new star-forming re-
gions in the FOG and EOG with the WISE data and
present the result. Subsequent papers will focus on
the distribution of newly identified star-forming regions
beyond the Outer Arm, the properties of those star-
forming regions, and the properties of molecular clouds
with and without associated star-forming regions.
2. DATA
In this paper, we use the WISE MIR all-sky
survey data (Wright et al. 2010; Jarrett et al. 2011)
and FCRAO 12CO survey data of the outer Galaxy
(Heyer et al. 1998).
2.1. WISE All-sky Data
WISE mapped at least eight times over 99 % of the
sky in four MIR bands centered at 3.4, 4.6, 12, and 22
µm in the six-month survey in 2010 (Wright et al. 2010).
WISE achieved 5σ detection thresholds for a pointlike
source of 16.5, 15.5, 11.2, and 7.9 mag (Vega magnitude)
at the 3.4, 4.6, 12, and 22 µm bands, respectively, in re-
gions observed eight times or more (Wright et al. 2010).
The angular resolutions are 6′′.1, 6′′.4, 6′′.5, and 12′′.0,
respectively, for the four bands (Wright et al. 2010).
The standard spectral energy distribution (SED) model
of galaxies (e.g. da Cunha et al. 2008) implies that the
3.4 and 4.6 µm bands show emission mainly from stars,
while the 12 and 22 µm bands show emission mainly
from circumstellar dust.
We used the AllWISE Source Catalog1 to obtain the
WISE magnitudes and colors of the sample star-forming
regions. The AllWISE Source Catalog contains astrom-
etry and photometry for 747,634,026 objects detected
on the deep AllWISE Atlas Intensity Images2. In ad-
dition to the cataloged positions and photometric in-
formation, we also used the measurement quality and
source reliability information, especially the contamina-
1 http://wise2.ipac.caltech.edu/docs/release/allwise/
2 Detailed information is given at
http://wise2.ipac.caltech.edu/docs/release/allwise/expsup/
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tion and confusion flags (cc flags), to reject false sources.
The cc flags show that the source may be either spu-
rious due to a diffraction spike (D), short-term latent
image (P), scattered-light halo (H), or optical ghost im-
age (O). In this paper, we normally used only the WISE
sources without cc flags in all of the four bands and with
a signal-to-noise ratio (S/N) of higher than 5 in all of the
3.4, 4.6, and 12 µm bands. Those three bands are crucial
for source classification of YSOs in the solar neighbor-
hood (e.g. Figure 10 in Koenig & Leisawitz 2014). We
did not use the 22 µm data in our criterion, because the
WISE spatial resolution and sensitivity at this band are
much lower than those of the others.
2.2. FCRAO CO survey data
The FCRAO 12CO survey of the outer Galaxy
(Heyer et al. 1998) has achieved the best combination
of large-area coverage and high sensitivity among all of
the available CO surveys of the outer Galaxy. This sur-
vey covers 102◦.49 ≤ l ≤ 141◦.54 and −3◦.03 ≤ b ≤ 5◦.41
with a total area of about 320 deg2 (Heyer et al. 1998).
The median main-beam sensitivity (1 σ) per channel is
∼ 0.9 K with a spatial resolution of 45′′ (Heyer et al.
1998, 2001). The vLSR range covers −153 km s
−1 ≤
vLSR ≤ +40 km s
−1 with a velocity resolution of 0.98
km s−1 (Heyer et al. 1998). Heyer et al. (2001) identi-
fied 10,156 clouds in the whole parameter space of the
survey. Later, Brunt et al. (2000) reprocessed the data
to remove correlated noise induced by reference sharing
and contaminating emission present in the reference po-
sitions. They also convolved the data to the spatial res-
olution of 100′′.44 to be incorporated into the Canadian
Galactic Plane Survey (Taylor et al. 2003). As a result,
the typical sensitivity of the data was improved to be
0.17 K.With the better sensitivity achieved, Brunt et al.
(2003) then identified 14,592 clouds in the whole survey
area, which are almost 50 % more than those of the origi-
nal survey despite the smaller velocity range of −120 km
s−1 ≤ vLSR ≤ +20.8 km s
−1 that they used.
In this paper, we employed the molecular cloud cata-
log by Brunt et al. (2003) (hereafter the BKP catalog)
to make use of the larger number of clouds compared
with the original catalog by Heyer et al. (2001). The
high-sensitivity BKP catalog is essential to study dis-
tant star-forming regions in the outer Galaxy. Using the
Galactic (l,b) coordinates and the vLSR of the clouds in
the BKP catalog (hereafter, BKP clouds), we derived
the kinematic distance of BKP clouds, assuming that
the rotation speed of the Sun and BKP clouds is 220
km s−1 and that the Galactocentric distance of the Sun
is 8.5 kpc, and picked up 466 clouds in the outer Galaxy
(RG ≥ 13.5 kpc) out of 14,592 clouds. We also estimated
the masses of BKP clouds from the integrated CO line
intensity (
∫
TBdv), assuming the Galactic average mass-
calibration ratio N(H2)/
∫
TBdv of 2.0 10
20 cm−2 (K
km s−1)−1 (e.g. Bolatto et al. 2013) and the correction
for the abundance of helium (1.36; Kennicutt & Evans
2012).
3. IDENTIFICATION CRITERIA OF DISTANT
STAR-FORMING REGIONS
In this section, we investigate the WISE magnitudes
and colors of sample star-forming regions in the outer
Galaxy beyond the Outer Arm and develop an identifi-
cation criterion for star-forming regions, which will then
be applied to unresolved (distant) sources to select can-
didate star forming regions in the later section.
3.1. Sample star-forming regions
For the sample star-forming regions, we selected 13
known distant molecular clouds with associated star-
forming regions in the outer Galaxy that have been es-
tablished by near-infrared (NIR) imaging observations:
three in the EOG and 10 in the FOG. Table 1 lists them,
and the bottom panel of Figure 1 plots their locations
in the Galactic plane.
The three molecular clouds in the EOG are Di-
gel Cloud 1 (RG = 22 kpc; Digel et al. 1994;
Izumi et al. 2014), Digel Cloud 2 (RG = 19
kpc; Kobayashi & Tokunaga 2000; Yasui et al. 2006;
Kobayashi et al. 2008; Yasui et al. 2008), and the cloud
associated WB89-789 (IRAS 0615+1455) (RG = 20.2
kpc; Brand & Wouterloot 2007, hereafter the WB89-789
cloud). We analyzed the multiwavelength data of Digel
Clouds 1 and 2, including high-resolution 12CO maps
with the Nobeyama 45 m radio telescope (Izumi et al.
2014), deep NIR (J, H, KS) images of embedded clus-
ters with Multi-Object Infrared Camera (MOIRCS)
on the Subaru 8.2 m telescope (Yasui et al. 2008;
Izumi et al. 2014), and wide-field NIR images of Cloud 2
with QUick InfRared Camera (QUIRC) on the Univer-
sity of Hawaii 2.2 m telescope (Kobayashi et al. 2008).
We then identified, in addition to the eight star-forming
regions (clusters/stellar aggregates) already listed in
our previous papers (e.g. Kobayashi & Tokunaga 2000;
Kobayashi et al. 2008; Izumi et al. 2014), 13 new stellar
aggregates (two in Cloud 1 and 11 in Cloud 2) in and
near the CO peaks or ridges as reddened stellar associ-
ations in the NIR images (indicated by “Q” in the third
column of Table 2; see also Figure 3 and N. Izumi et al.
2017, in preparation). The other cloud in the EOG, the
WB89-789 cloud, was identified by Brand & Wouterloot
(2007). To study stars and molecular gas in the di-
rection of WB89-789, they performed multiwavelength
observations: spectroscopy at about 3200–4900 A˚ with
the Telescopio Nazionale Galileo, NIR (J, H, K) imag-
ing with the European Southern Observatory (ESO) 2.2
m telescope, molecular lines (12CO(2–1), 12CO(3–2),
4 Izumi et al.
13CO(2–1), C18O(3–2) with 15 m James Clerk Maxwell
Telescope (JCMT), and CS(2–1), CS(3–2), and CS(5–
4) with the Institute for Radio Astronomy in the Mil-
limetre Range (IRAM) 30 m telescope), and milli-meter
continuum (450 and 850 µm with JCMT, and 1.2 mm
with the 15 m Swedish-ESO Submillimetre Telescope).
As a result, they detected a cluster of about 60 stars
in the vicinity of the CO peak (Figures 1, 3, and 6 in
Brand & Wouterloot 2007).
In the FOG, the number of reported molecular clouds
with associatied star-forming regions has been gradually
increasing (e.g. Brand & Wouterloot 1994; Snell et al.
2002; Yun et al. 2015). Among them, we selected 10
molecular clouds identified by Snell et al. (2002) be-
cause they present a relatively large number of samples
and performed systematic studies. Their targets are 10
IRAS point sources associated with 10 molecular clouds
that had been detected with the FCRAO CO survey of
the outer Galaxy (Heyer et al. 1998). They performed
K ′- band imaging of those targets with QUIRC on the
University of Hawaii 2.2 m telescope, and detected 11
clusters in the vicinity of the CO peaks. Among them,
three were found to be associated with H II regions:
02071+6235, 02383+6241a, and 02421+6233 (see Table
2), which must be produced by OB stars (Rudolph et al.
1996; Snell et al. 2002).
3.2. WISE data of sample star-forming regions
3.2.1. WISE images
To investigate unresolved star-forming regions with
the WISE data, we first checked the distribution of
CO and the WISE MIR images of molecular clouds
with associated sample star-forming regions. Figure 2
shows the images of Clouds 1 and 2 in CO (left panels)
and WISE color (constructed from the 3.4, 4.6, and 12
µm bands; right panels). The red and blue star sym-
bols in Figure 2 show the locations of the sample star-
forming regions. Figure 3 shows the zoomed-in images
of each star-forming region in the clouds (left panels:
Subaru and QUIRC J, H, and Ks bands, right panels:
WISE 3.4, 4.6, and 12 µm bands). All of the sample
star-forming regions, even the very faint ones (stellar
aggregates), were clearly detected as reddened sources
in the WISE images. As expected none of the sam-
ple star-forming regions were resolved into individual
stars with the resolution of the WISE. All of the sam-
ple star-forming regions but one were detected in the
WISE images as compact sources. The sole exception
is the Cloud 2-N cluster (region x in Figure 2 and 3),
which detected as a diffuse source in the WISE image,
probably because of the low stellar density of the clus-
ter (Yasui et al. 2008), which is similar to that for the
Taurus star-forming association. Figure 4 shows the
WISE image of another very distant star-forming region,
WB89-789 (Brand & Wouterloot 2007). It was also de-
tected as compact reddened sources in the WISE im-
age. We did not plot CO distribution superposed on
the WISE image of the WB89-789 cloud, because we do
not have CO data (the distribution of the star-forming
region and associated CO clouds are shown in Figures
1, 3, and 6 in Brand & Wouterloot 2007).
Next, we performed a similar analysis on the molec-
ular clouds with an associated sample star-forming re-
gion in the FOG identified by Snell et al. (2002). Figure
5 shows the image of CO clouds (left panels) and with
WISE (right panels). Just like the case of the EOG (Di-
gel Clouds 1 and 2), we found that all of the sample
star-forming regions in the FOG were clearly detected
as reddened sources but were not resolved into individ-
ual stars with WISE. All of them but one were detected
in the WISE images as compact sources. The sole ex-
ception was 2395+6244, which looked like a diffraction
spike in the WISE image.
3.2.2. WISE sources
For all of the sample star-forming regions, we searched
for corresponding WISE sources in the AllWISE source
catalog (see Section 2.1) and selected sources within 3′′
from each star-forming region (e.g. yellow circles in Fig-
ure 3). Among these, the WISE sources of star-forming
regions in 02395+6244 cloud and Cloud 2 were found to
have cc flag (see Section 2.1). The star-forming regions
in (and other sources around) the 02395+6244 cloud
have the D flag due to a very bright WISE source in
the CO peak (blue star symbol in Figure 5). Some obvi-
ous star-forming regions in the northern half of Cloud 2
(and other WISE sources around those star-forming re-
gions) have the P flag for an unknown reason (blue
star symbols in Figure 2). All of the flagged WISE
sources except for the sources in the northern half of
Cloud 2 were rejected. The justification for the excep-
tion in the case of Cloud 2 is that we did not recog-
nize any latent features in the WISE image and suspect
that the AllWISE catalog incorrectly identified the ex-
tended photodissociation regions in the northern half
of Cloud 2 (Kobayashi et al. 2008) as a latent feature.
Source-by-source checking of the flagged sources would
be beneficial, though labor-intensive, as a future project
to obtain the more reliable identifications. Note that
Koenig & Leisawitz (2014) also checked the reduced chi-
square (χ2) of the profile-fit photometry of the WISE
sources, in addition to the cc flags, and concluded that
the photometry of many sources with low S/N and high
χ2, which means extended, is inaccurate (e.g. Figure
1 in Koenig & Leisawitz 2014). However, it is imprac-
tical in this study to reject all the sources with a high
χ2, because virtually all of the distant star-forming re-
gions were identified as extended sources (high χ2) in
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the WISE images. All the identified WISE sources are
listed in Table 2.
3.3. WISE magnitude and color of sample
star-forming regions
We set a 1◦ × 1◦ area around each of the molecu-
lar clouds with associated sample star-forming regions
(hereafter the sample area) and classified all the WISE
sources in the area as star-forming regions or the oth-
ers, which are the background and foreground objects.
In Figure 6, the red dots show the sources of sample star-
forming regions, and the dots in the other colors show
all the other sources in the field. In this subsection,
we investigate the colors and magnitudes of all of the
WISE sources in the area to construct an identification
criterion for unresolved distant star-forming regions.
3.3.1. Color-magnitude diagram
Figure 7 shows the [3.4] versus [3.4]−[4.6] color-
magnitude diagram of all of the WISE sources in the
sample area. The yellow and red symbols show the
sample star-forming regions in the FOG and the EOG,
respectively. The yellow star symbols show the star-
forming regions known to accompany OB stars in the
FOG (see Section 3.1 and Table 2). The black dots
show all the other sources in the area. While most other
sources are distributed at around [3.4]−[4.6] = 0, all of
the star-forming regions are at [3.4] − [4.6] ≥ 0.5. The
latter color region corresponds to AK > 2 mag (McClure
2009; Koenig & Leisawitz 2014), some of which can be
foreground extinction due to the large distance of the
star-forming regions, as well as to the intracluster ex-
tinction, given that they are embedded clusters. In par-
ticular, five star-forming regions show much redder col-
ors of [3.4]−[4.6] > 1.5 (equivalent extinction of AK >
7 mag), which may originate from infrared excess of cir-
cumstellar disks or envelopes in addition to the extinc-
tion.
We also found in Figure 7 that the distributions of [3.4]
for star-forming regions in the FOG and EOG are sepa-
rated with a little overlap: [3.4] = 9–12 and 11–16 mag
ranges, respectively. If star-forming regions in the FOG
and the EOG have a similar intrinsic luminosity, those
in the EOG are expected to be about 2 mag fainter,
because their distances are D = 6.5–10 kpc and D =
12–16 kpc, respectively. The abovementioned distribu-
tions are consistent with this expectation. Note that
some of the EOG star-forming regions are even fainter
by a further 2 mag, presumably because most of them
are faint-end star-forming regions (stellar aggregates),
which were found only with very deep NIR imaging of
Clouds 1 and 2 (see Table 2). The limiting magnitude
of 3.4 µm is fainter than 16.5 mag (Wright et al. 2010).
Therefore, WISE is confirmed to have enough sensitiv-
ity to detect all kinds of star-forming regions up to the
edge of the Galaxy.
3.3.2. Color-color diagram
Figure 8 shows the [3.4]−[4.6] versus [4.6]−[12] color-
color diagram of all of the WISE sources in the sample
area. The notation is the same as in the [3.4] versus
[3.4]−[4.6] color-magnitude diagram (Section 3.3.1 and
Figure 7). We also show (black dashed lines) the re-
gion of individual YSOs in the solar neighborhood taken
from Koenig & Leisawitz (2014, e.g., their Figure 5 and
Section 1 in this paper). We compared the WISE col-
ors of the star-forming regions with those of individ-
ual YSOs and confirmed that the star-forming regions
are primarily distributed in the YSO region defined by
Koenig & Leisawitz (2014) on the diagram. In particu-
lar, many of the star-forming regions were found to be
distributed near and within the Class I YSO region in
Koenig & Leisawitz (2014). It is an expected result, be-
cause our targets are basically accompanied by and em-
bedded in their parental clouds, and virtually all of them
are affected by significant infrared excess from circum-
stellar disks and envelopes of Class I sources. However,
several star-forming regions were found to be located
outside the YSO regions, in the lower right in the di-
agram (Figure 8). It is probably due to a significant
amount of polycyclic aromatic hydrogen (PAH) emis-
sion, which is known to be strong in the 12 µm and,
to a lesser degree, 3.4 µm bands (Wright et al. 2010).
PAH is generally present in star-forming regions with
OB stars, whose UV flux induces the PAH emission. In
fact, all of the star-forming regions that are known to
have OB stars in our sample were found to be in this
PAH excess region, as marked with yellow star symbols
in Figure 8.
3.3.3. Identification criterion for distant star-forming
regions
Based on the distribution of plots for sample star-
forming regions in the [3.4]−[4.6] versus [4.6]−[12] color-
color diagram, we empirically defined the region for
star-forming regions on the diagram: [3.4]−[4.6] ≥
0.5, [4.6]−[12] ≥ 2.0, and [4.6]−[12] ≤ 6.0 (magenta
lines in Figure 8). We defined this region so that
it excludes a part of the region, [3.4]−[4.6] = 0.25–
0.5 and [4.6]−[12] = 1.0–3.0, in the Class II YSO re-
gion by Koenig & Leisawitz (2014, black dashed lines
in Figure 8) to avoid contamination by diskless photo-
spheres (Class III YSOs and unrelated field stars) lo-
cated in the same region (left panel of Figure 10 in
the Koenig & Leisawitz 2014). Since our samples are
found to be concentrated near and within the Class
I YSO region by Koenig & Leisawitz (2014, Section
3.3.2), the drawbacks of eliminating this region are likely
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to be limited. In contrast, this defined region encom-
passes an additional region of [3.4]−[4.6] ≥ 0.5 and
[4.6]−[12] = 3.0–6.0, which is outside the YSO region
by Koenig & Leisawitz (2014), so that we can pick up
the star-forming regions accompanying OB stars with
possible PAH emission at the 3.4 and 12 µm bands, as
discussed in Section 3.3.2. We cut off at [4.6]−[12] =
6.0 to reduce the contamination from planetary neb-
ulae (PNe), which are known to have large values of
[3.4]−[4.6] ([3.4]−[4.6] = 4–7; left panel of Figure 10
in Koenig & Leisawitz (2014). Furthermore, we set the
lower side of the additional region at [3.4]−[4.6] = 0.5,
considering the potential contamination by starburst
galaxies (e.g. Figure 10 in Wright et al. 2010, and Fig-
ure 17 on the website of the WISE All-sky Data Prod-
ucts3).
3.4. New candidates for star-forming regions in the
sample clouds
Using the identification criterion, we searched for new
candidate star-forming regions in the molecular clouds
with associated sample star-forming regions where no
NIR images are available. We identified 58 new can-
didate star-forming regions within the 3 σ contours of
the molecular clouds (Table 2, yellow star symbols in
Figures 2 and 5, and yellow dots in Figure 6).
3.5. Possible contamination
Here we discuss the possible contamination by fore-
ground and/or background objects in the region defined
in Section 3.3.3 on the color-color diagram for star-
forming regions. The defined region for star-forming re-
gions is contaminated mainly by YSOs associated with
foreground molecular clouds, foreground/background
PNe, and background active galactic nuclei (AGNs) and
quasi-stellar objects (QSOs) (e.g. Koenig & Leisawitz
2014; Wright et al. 2010). Indeed, we found clear con-
tamination by possible AGNs near the CO peaks of
Cloud 2 (see Figures 2 and 9); although the WISE
sources showed the color that is typical for star-forming
regions, the corresponding objects are recognized as
three galaxies, all of which have a symmetric disk and
bright pointlike core, in the high-resolution Subaru NIR
images (FWHM ∼ 0.′′3–0.′′35), and hence are very likely
to be AGNs.
To estimate the total contamination rate quantita-
tively, we compared the number density of the candi-
date (and sample) star-forming regions in the cloud re-
gion (inside the 3 σ contour of molecular clouds; nMC)
with those in the field region (the circular region within
the radius 0◦.5, center at the CO peak, with the cloud
3 http://wise2.ipac.caltech.edu/docs/release/allsky/expsup/sec2_2.html
region excluded; nF). We calculated nMC and nF, using
the numbers of candidate (and sample) star-forming re-
gions in the cloud and the field regions (NMC and NF,
respectively) and the areas of the cloud region (AMC),
which were manually estimated on the image, and of the
field region (AF = 0.5×0.5×pi − AMC deg
2). Then, we
calculated contamination rates of 100 × nF/nMC. Table
3 lists the contamination rates for all the clouds with as-
sociated sample star-forming regions except the WB89-
789 cloud4. We found the median number density of
candidates in the field region and contamination rate to
be ∼ 1.5 × 10−2 arcmin−2 and ∼ 10 %, respectively,
the latter of which is equivalent to roughly one contam-
ination source in each molecular cloud with associated
sample star-forming regions.
We suspect that the main contamination source is
likely to be YSOs associated with foreground molecular
clouds, because the number densities of the other pos-
sible contamination sources (PNe, AGNs, and QSOs)
are lower by an order of magnitude of 1 or more
than the median number densities of candidates in
the field region. The number densities of PNe and
that of AGNs and QSOs combined are estimated to
be only 3.0 × 10−4 and 4.2 × 10−3 arcmin−2, re-
spectively, based on the expected Galactic PN popu-
lation of 30,000–50,000 (e.g. Frew & Parker 2006; Frew
2008; Moe & De Marco 2006) for the former and the
expected number of AGNs and QSOs detected with
WISE (Figure 16 in Wright et al. 2010) for the lat-
ter. In fact, the contamination rate appeared to de-
pend highly on the amount of foreground molecular
clouds around the target molecular clouds with asso-
ciated star-forming regions. As an example, Figure 10
shows the distribution of foreground molecular clouds in
and around representative molecular clouds with asso-
ciating star-forming regions: Cloud 2 with a contami-
nation rate of ∼3 % (left panel) and the 02376+6030,
02407+6029, and 02413+6037 clouds with contamina-
tion rate of 20–60 % (right panel). In Figure 10, green
contours show the CO distribution of Cloud 2 and the
02376+6030, 02407+6029, and 02413+6037 clouds, and
the other color contours show the CO distribution of
foreground molecular clouds. Figure 10 demonstrates
that the amount of foreground molecular clouds in and
around molecular clouds with associated star-forming
regions with a large contamination rate appears to be
larger than that with a low contamination rate. Fur-
thermore, the contamination rates also depend on the
spatial resolution of the CO map. For example, the
contamination rate of Cloud 1 decreases from 6 % to 4
4 We did not estimate the contamination rate for the WB89-789
cloud because we do not have CO molecular data for it.
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% if the CO data with the FCRAO CO survey of the
outer Galaxy (resolution ∼ 100′′; Brunt et al. 2003) are
replaced with those with our NRO 45 m radio telescope
(resolution ∼ 17′′; Izumi et al. 2014), as the total area
of the identified cloud decreases. It would be useful to
keep compiling high-resolution CO data of those distant
molecular clouds for better identification.
4. A NEW SURVEY OF STAR-FORMING
REGIONS IN THE OUTER GALAXY
4.1. New candidate of star-forming regions
Applying the methods described in Section 3, here
we systematically search the WISE data in 466 BKP
clouds in the outer Galaxy (see Section 2.2) for new star-
forming regions. We selected AllWISE catalog sources
that do not have cc flags in all of the four bands and
have S/N > 5 in all of the 3.4, 4.6, and 12 µm bands
(see Section 2.1) in the FCRAO CO survey of the outer
Galaxy (926,132 sources in the survey area: 102◦.49 ≤ l
≤ 141◦.54 and −3◦.03 ≤ b ≤ 5◦.41). From the [3.4]−[4.6]
versus [4.6]−[12] color-color diagram of the sources (Fig-
ure 11), we found 778 candidate star-forming regions
within 3 σ contours of 252 clouds with a galactocentric
radius of up to RG ∼ 20 kpc
5. Among these candi-
dates, 67 candidates in 12 clouds were already found in
the previous section (Table 2, Figures 2 and 5). Note
that more than one cloud at different velocities exists in
the line of sight for 13 out of the 778 candidates, and we
cannot determine which cloud is parental for them. All
of the candidates and their parental clouds are listed in
the Appendix.
4.2. Contamination rate
Here we examine how likely it is that the selected can-
didates are genuine star-forming regions. We estimated
the contamination rates for the 252 clouds that have as-
sociated candidate star-forming regions using the same
method as in Section 3.5. In this section, for the sake
of simplicity, we set a field region around the clouds as
an annulus instead of the field region used in Section 3.5
(the circular region with a radius of 0◦.5 centered at the
CO peak, with the cloud region excluded). We set the
inner radius of the annulus as twice the radius estimated
from the cloud region, 2 ×
√
Acloud/pi, where Acloud is
derived from the number of spatial pixels from the BKP
catalog with the pixel scale of 0′.837. The mean derived
inner radius of the annulus was 0◦.24. Note that whereas
5 We found 11 candidates with kinematic distance of more
than 20 kpc (RG > 27 kpc), but they have already been found
(star forming regions associated with Digel Cloud 2) and are
known to be actually located at a distance of 12 kpc (RG = 19
kpc) from high-resolution optical spectra (e.g. Smartt et al. 1996;
Kobayashi et al. 2008).
4.7σ is the threshold used both for the identification of
the original BKP clouds and for the boundary for the
area Acloud, we adopted the lower threshold contours of
3σ in searching for candidate star-forming regions in or-
der to pick up as many star-forming regions as possible,
considering that they were sometimes located near the
edge of a cloud (in the vicinity of 3 σ contours; e.g. Fig-
ure 2). Thus, the absolute value of the contamination
rate for the cloud region within the 3σ contour must be
slightly higher than that within the 4.7σ contour, but
the difference should be insignificant, given the small
area difference between 3σ and 4.7σ (e.g. see Figure 5
for the distribution of 3σ and 5σ CO contours in several
regions).
To set the appropriate field region, we investigated
the variation in number density of candidates in trial
field regions (top panel of Figure 12) and of the con-
tamination rate (bottom panel of Figure 12) for widths
of the annulus varied from 0◦.05 to 1◦.0. We found in
Figure 12 that both the number densities of candidate
star-forming regions in the field region and contamina-
tion rate of each cloud were roughly constant for widths
of annulus between 0◦.4 and 1◦.0 and start to vary at
a width of roughly 0◦.3 or lower, probably because the
area with that width is so small that the derived param-
eters were affected by a local distribution of candidate
star-forming regions. Thus, we set the width of the an-
nulus to be 0◦.5 to avoid the effect of local distribution
of candidate star-forming regions.
Between the mean number density of candidate star-
forming regions in the field region (0.020 arcmin−2; cyan
dashed line in Figure 12) and total number density of
QSO, AGNs, and PNe (0.0045 arcmin−2; green dashed
line), the former is found to be about five times higher
than the latter. Therefore, the main contamination
source is likely to be YSOs associated with foreground
molecular clouds, and it is consistent with our previous
result with the sample region (Section 3.5). As expected,
the mean number density of candidate star-forming re-
gions in the cloud regions (0.13 arcmin−2 for each; red
dashed line in Figure 12) was much higher than that in
the field regions (cyan dashed line).
Figure 13 shows the distribution of contamination
rates with the width of the annulus of 0◦.5. We found
that about 20 molecular clouds have a high contamina-
tion rate (≥ 50%), whereas almost all of the clouds (∼
230 molecular clouds) have a contamination rate of lower
than 50%. We also found that the number of molecular
clouds sharply drops at a contamination rate of 20–30%
(Figure 13). Therefore, we set the upper contamination
threshold to be 30% for a candidate to be regarded as re-
liable. Then, 211 out of 252 molecular clouds with asso-
ciated candidate star-forming regions satisfy this condi-
tion. This number is large enough for statistical studies
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of star-formation activity in the outer Galaxy.
4.3. Properties of candidate star-forming regions
To investigate properties of the candidate star-forming
regions, we first checked the distribution of the candi-
dates in the [3.4]−[4.6] vs. [4.6]−[12] color-color diagram
(Figure 11) and [3.4] versus [3.4]−[4.6] color-magnitude
diagram (Figure 14). In those figures, the red circles and
yellow squares show the candidate star-forming regions
with a contamination rate of their parental clouds of <
30% and ≥ 30%, respectively. The black dots in the
left panels and black contours in the right panels show
the distribution of all 926,132 sources in the area. We
found that 26% (204/778) of the candidates are located
outside the YSO region by Koenig & Leisawitz (2014),
as indicated with cyan dashed lines in Figure 11. This
suggests that those “outsiders” could be relatively mas-
sive star-forming regions (including OB stars; see Sec-
tion 3.3.2). We found no significance difference in the
distributions between the candidates with a contamina-
tion rate of their parental clouds of < 30% and ≥ 30%
in either of Figures 11 and 14.
Next, we checked the relation between the magnitude
of the candidates in all the four bands and the kinematic
distances of their parental clouds (Figure 15). The left
panel of Figure 15 shows the variation of apparent mag-
nitudes as a function of the kinematic distance. The
notation is the same as in Figures 11 and 14. The gray
dashed lines show the average detection limit for the
minimum integration for eight frames (16.5, 15.5, 11.2,
and 7.9 mag for 3.4, 4.6, 12, and 22 µm, respectively;
Wright et al. 2010). The apparent magnitudes spread
widely by 4 to 5 orders. The apparent magnitude differ-
ence between the brightest candidates with the distances
ofD = 6 and 15 kpc was found to be about 2 mag, which
is consistent with the one calculated from the distance
∆m = 5 × log10(15/6) = 2, assuming that the abso-
lute magnitude of the brightest star-forming regions is
constant. The candidates with a contamination rate of
their parental cloud of higher than 30 % (yellow squares
in Figure 15) are concentrated at 6 kpc ≤ D ≤ 10 kpc.
This suggests that the major factor that affects the con-
tamination rate is the apparent size of the cloud, which
is larger for clouds at a smaller distance.
In the left panel of Figure 15, we also show the appar-
ent magnitudes of A0 and B0 stars in the main sequence
for all the four bands (cyan and blue curves; calculated
based on Tabled 7.5 and 15.7 in Cox 2000). Note that
we used intrinsic V − L colors (V band: 0.5555 µm;
L band: 3.547 µm) and the absolute V -band magni-
tudes of A0 and B0 stars for calculating the apparent
magnitudes of those stars for any of the four bands,
since infrared colors, such as [3.4]−[22] are negligible
for those early-type stars. We also superposed in Fig-
ure 15 the 22 µm magnitude for H II regions ionized
by B0 stars (blue dotted curve) derived from Figures 1
and 2 in Anderson et al. (2014) with a zero-magnitude
flux density of Fν 22µm = 8.363 Jy (Jarrett et al. 2011).
At 3.4 and 4.6 µm, most of the apparent magnitudes
of the WISE sources are within the range of the typ-
ical values for stellar aggregates (single A-type star +
T Tauri stars) to OB associations, whereas those at 12
and 22 µm show much lower magnitudes. This result
suggests that magnitudes of 3.4 and 4.6 µm are dom-
inated by stars, whereas magnitudes of 12 and 22 µm
are dominated by dust emission from circumstellar dust
and/or free-free emission (+ PAH emission) from H II
regions. This is consistent with the well-known SED of
star-forming regions (see Section 2.1). Consequently, we
confirm that we can detect stellar aggregates up to D ∼
10 kpc (RG = 15–17 kpc) with the WISE data.
The right panel of Figure 15 shows the variation of the
absolute magnitudes calculated from the WISE magni-
tudes in the AllWISE Source Catalog as a function of
the kinematic distance of their parental clouds. The no-
tation is the same as in the left panel of Figure 15. The
larger the distance, the higher the detection limit is in
the absolute magnitude (gray dashed lines in Figure 15).
At the most distant region (D ∼ 14 kpc; RG ∼ 20 kpc),
the data set of the WISE sources was found to be com-
plete for the sources brighter than about 1.0, 0.0, −4.0,
and −7.0 mag at 3.4, 4.6, 12, and 22 µm, respectively
(gray solid lines in right panels of Figure 15).
4.4. Comparison with IRAS point sources
Kerton & Brunt (2003) searched the IRAS database
for the point sources associated with BKP clouds and
found 96 IRAS sources in 89 BKP clouds at RG ≥
13.5 kpc. In order to take into consideration the con-
tamination by foreground or background sources, they
used the expected number of associations NE , which
will associate with a randomly chosen position within
the FCRAO CO survey of the outer Galaxy bound-
aries (Brunt et al. 2003). They made a color-color di-
agram of those IRAS sources and found that the IRAS
sources with a low NE are located in and around
the color region of the representative star-forming re-
gions by Wouterloot & Brand (1989): log (25µm/12µm)
> 0, 0.38 < log (60µm/25µm) < 1.88, and −0.77 <
log (100µm/60µm) < 0.39 + 0.23 × log (60µm/25µm)
(e.g. Figure 5 in Kerton & Brunt 2003). Their result is
plotted in Figure 16, which shows a log (60µm/25µm)
vsersus log (25µm/12µm) color-color diagram of 34/96
IRAS sources with NE ≤ 10
−2.0 at RG ≥ 13.5 kpc. The
IRAS color region by Wouterloot & Brand (1989) is in-
dicated by the box region in Figure 16.
In our survey with the WISE data, 24 out of the 34
IRAS sources were detected as candidate star-forming
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regions. In Figure 16, the filled and open circles indi-
cate the IRAS sources detected and not detected, re-
spectively, as candidate star-forming regions in our sur-
vey with the WISE data. Thus, we confirmed that our
identification criterion, which does not use the data at
wavelengths longer than 12 µm, is roughly consistent
with the criterion by Wouterloot & Brand (1989), which
uses up to 100 µm data.
5. SUMMARY
We developed an identification criterion of unresolved
distant star-forming regions with the MIR all-sky sur-
vey data by WISE: [3.4]−[4.6] ≥ 0.5, [4.6]−[12] ≥ 2.0,
and [4.6]−[12] ≤ 6.0. The criterion enables us to pick
up star-forming regions effectively by combining it with
CO survey data in the outer Galaxy. We applied the
criterion to 466 molecular clouds in the outer Galaxy
at RG ≥ 13.5 kpc detected from the FCRAO CO sur-
vey of the outer Galaxy (survey region: 120◦.49 ≤ l ≤
141◦.54, −3◦.03 ≤ l ≤ 5◦.41) and identified 788 candi-
date star-forming regions in 252 clouds at a galactocen-
tric radius of up to RG ∼ 20 kpc. Among the 788 candi-
dates, 711 in 240 clouds were newly identified. Compar-
ing the flux densities of the candidates with those of A0
and B0 stars in the main sequence, we confirmed that
we can detect stellar aggregates (single A-type star + T
Tauri stars) up to D ∼ 10 kpc (RG = 15–17 kpc) with
the WISE data. Our results imply that our criterion
with the WISE data is very powerful for detecting dis-
tant star-forming regions. With this greatly increased
number of candidates, one can now perform statistical
studies of star-formation properties in the outer Galaxy
for the first time. We will discuss the distribution and
properties of these newly identified star-forming regions
in our next paper.
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Figure 1. Top: distribution of molecular clouds discovered by representative surveys at the second and third quadrants (orange:
Brunt et al. (2003); magenta: Sun et al. (2015); red: Digel et al. (1994); Smartt et al. (1996); Kobayashi et al. (2008); cyan:
Brand & Wouterloot (1994); blue: May et al. (1997); green: Nakagawa et al. (2005); yellow: May et al. (1993); Va´zquez et al.
(2008); black: Kutner (1983); Mead & Kutner (1988); white: Yang et al. (2002); purple: Elia et al. (2013); gray: Dame et al.
(2001); Rice et al. (2016)). Fan-shaped regions show each survey area, corresponding to the circles of the same color (orange
fan shape indicates the survey area of the FCRAO CO survey of the outer Galaxy: 102◦.49 ≤ l ≤ 141◦.54, −3◦.03 ≤ b ≤
5◦.41, which is also that of the survey of star-forming regions presented in this paper). Note that Brand & Wouterloot (1994)
and Yang et al. (2002) did not set a survey area but rather searched for molecular clouds based on IRAS sources in the second
and third quadrants. Kutner (1983) and Mead & Kutner (1988) also searched molecular clouds in the first quadrant, and
Dame et al. (2001) and Rice et al. (2016) searched molecular clouds in the entire Galactic plane; therefore, we picked up the
discovered molecular clouds and survey area only in the second and third quadrants. We derived the kinematic distance (and
galactocentric radius) of all clouds in the figure assuming that the rotation speed of the Sun and clouds is 220 km s−1 and that
the galactocentric distance of the Sun is 8.5 kpc. Bottom: distribution of our sample distant molecular clouds with associated
star-forming regions beyond the Outer Arm on the Galactic plane. Red and cyan star symbols show clouds in the EOG (red:
Digel Clouds 1 and 2 (e.g. Digel et al. 1994), cyan: WB89-789 cloud (e.g. Brand & Wouterloot 2007). Orange star symbols
show clouds in the FOG (e.g. Snell et al. 2002). The orange fan shape is the same as the survey area in the top panel. The
locations of those clouds are tabulated in Table 1.
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Figure 2. Left: 12CO(1-0) distribution of the four CO peaks in the Clouds 1 and 2 (with our NRO 45 m telescope data; Cloud
1: vLSR = −105.4 to −98.9 km s
−1; Cloud 2: vLSR = −106.1 to −99.1 km s
−1). Green contours show the 12CO(1-0) distribution
with contour levels of 3σ, 5σ, 7σ, 9σ, and 11σ (Cloud 1: 1σ = 0.85 K km s−1, Cloud 2: 1σ = 1.2 K km s−1). Filled circles in
the bottom right corners show the resolution of the NRO 45 m telescope (∼ 17′′). The red star symbols show the locations of
star-forming regions (clusters/stellar aggregates) confirmed with our deep NIR images (Kobayashi et al. 2008; Yasui et al. 2008,
Section 3.1 in this paper; N. Izumi et al. 2017, in preparation). The blue star symbols show the locations of the confirmed
star-forming regions with P flags (see Section 2.1 and 3.2.2). The yellow star symbols show the locations of the new candidate
star-forming regions identified with the WISE data (see Section 3.4). Green squares show the locations of contamination by
possible AGNs (see Section 3.5). The white boxes and a yellow polygon show the fields of view of the Subaru MOIRCS (4′ ×
7′) and UH QUIRC (3′.2 × 3′.2), respectively. The red characters and dotted boxes indicate the positions of the star-forming
regions for which Figure 3 gives the zoomed images. Right: WISE 3.4 (blue), 4.6 (green), and 12 µm (red) pseudo-color images
of the same area. Green contours are the same as the 12CO map in the corresponding left panel.
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Figure 3. Left: JHKS pseudo-color images taken with Subaru (panels (i)–(iv), (x)–(xiv)) and QUIRC ((v)–(ix)), of known
star-forming regions in the Digel Clouds 1 and 2 (see Figure 2 for the images of the whole area). Green contours show the
12CO(1-0) distribution from the NRO 45 m telescope with contour levels of 3σ, 5σ, 7σ, 9σ, and 11σ. Yellow circles show the
location of star-forming regions. Right: WISE 3.4 (blue), 4.6 (green), and 12 µm (red) pseudo-color images of the same area.
Green contours and yellow circles are the same as those in the corresponding left panel.
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Figure 3. (Continued.)
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Figure 3. (Continued.)
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Figure 3. (Continued.)
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Figure 4. WISE 3.4, 4.6, and 12 µm pseudo-color image of WB89-789. Yellow circles show the locations of the WISE sources
for embedded clusters identified by Brand & Wouterloot (2007). The blue cross shows the location of WB89-789 (l = 195◦.82,
b = −0◦.57).
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Figure 5. Left: 12CO(1-0) distribution of the CO peaks in the molecular clouds with associated star-forming regions in
the FOG (based on the CO survey of the outer Galaxy with the FCRAO 14 m telescope, reprocessed by Brunt et al. (2003);
01537+6154: vLSR = −57.5 to −64.9 km s
−1; 01587+6148: vLSR = −59.2 to −63.3 km s
−1; 02071+6235: vLSR = −76.5 to −80.6
km s−1; 02376+6030: vLSR = −74.0 to −79.8 km s
−1; 02383+6241: vLSR = −69.9 to −74.0 km s
−1; 02393+6244: vLSR = −69.9
to −74.0 km s−1; 02407+6029: vLSR = −72.4 to −78.1 km s
−1; 02413+6037: vLSR = −59.2 to −64.1 km s
−1; 02421+6233: vLSR
= −69.9 to −74.8 km s−1; 02593+6008: vLSR = −57.5 to −61.6 km s
−1). Green contours show the 12CO(1-0) distribution with
contour levels of 3σ, 5σ, 7σ, 9σ, and 11σ (01537+6154: 1 σ = 0.40 K km s−1; 01587+6148: 1 σ = 0.28 K km s−1; 02071+6235:
1 σ = 0.28 K km s−1; 02376+6030: 1 σ = 0.35 K km s−1; 02383+6241: 1 σ = 0.28 K km s−1; 02393+6244: 1 σ = 0.28 K km
s−1; 02407+6029: 1 σ = 0.35 K km s−1; 02413+6037: 1 σ = 0.31 K km s−1; 02421+6233: 1 σ = 0.31 K km s−1; 02593+6008: 1
σ = 0.28 K km s−1). White filled circles show the spatial resolution of the FCRAO data (100.′′88) reprocessed by Brunt et al.
(2003). The red and yellow star symbols show the locations of star-forming regions identified by Snell et al. (2002) and of new
candidate ones identified with the WISE data in this study, respectively. The blue star symbol shows the location of the known
embedded cluster in 02395+6244, which was not used in this study because of D flags (see Sections 2.1 and 3.2.2). Right: WISE
3.4, 4.6, and 12 µm pseudo-color images of FCRAO star-forming regions in the FOG. Green contours are identical to those in
the corresponding left panel.
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Figure 5. (Continued.)
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Figure 5. (Continued.)
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Figure 6. WISE sources in 1◦ × 1◦ fields in and around the molecular clouds with associated sample star-forming regions
(except WB89-789), plotted on the WISE 12 µm gray-scale image. Red, yellow, and cyan dots show the sample star-forming
regions, candidate star-forming regions, and all the other sources in the fields, respectively. Green contours show the 12CO(1-0)
distribution from the FCRAO data with contour levels of 3σ, 5σ, 7σ, 9σ, and 11σ, the same as in Figure 2 (Clouds 1 and 2)
and Figure 5 (the other clouds).
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Figure 6. (Continued.)
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Figure 7. The [3.4] vs. [3.4]−[4.6] color-magnitude dia-
gram of the AllWISE catalog source in 1◦ × 1◦ fields in and
around molecular clouds with associated sample star-forming
regions. The red and yellow symbols show the sample star-
forming regions in the EOG and FOG, respectively. The
yellow star symbols show star-forming regions known to ac-
company OB stars in the FOG. Black dots show all the other
sources in the fields. The gray line shows the average detec-
tion limit for the minimum integration of eight flames (16.5
mag for 3.4 µm and 15.5 mag for 4.6 µm; Wright et al. 2010).
The black arrows shows the extinction vectors for, from left
to right, AK = 0.4, 0.8, and 2 (Koenig & Leisawitz 2014;
McClure 2009).
Figure 8. The [3.4]−[4.6] vs. [4.6]−[12] color-color dia-
gram of the AllWISE catalog sources in 1◦ × 1◦ fields in and
around molecular clouds with associated sample star-forming
regions. The red and yellow symbols, yellow star symbols,
black dots, and the black arrows are the same as those in
Figure 7. The black dashed lines show the region for typi-
cal YSOs (Koenig & Leisawitz 2014). The magenta line box
shows our defined region for distant star-forming regions.
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Figure 9. Subaru JHKS (left) and WISE 3.4, 4.6, and 12 µm (right) pseudo-color images demonstrating contamination by
three galaxies (possible AGNs) in the CO core of Cloud 2. Green contours show the 12CO (1-0) distribution from the NRO 45
m telescope with contour levels of 3σ, 5σ, 7σ, 9σ, and 11σ. The yellow circle in each panel shows the location of a candidate
star-forming region, which turned out to be a galaxy in the corresponding Subaru NIR image (top: l = 137◦.760, b = −0◦.981;
bottom: l = 137◦.761, b = −1◦.015).
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Figure 10. Left: distribution of foreground molecular clouds in and around Digel Cloud 2. The gray-scale background shows
the WISE 12 µm images. Green contours show the 12CO(1-0) distribution from the NRO 45 m telescope with contour levels
of 3σ, 5σ, 7σ, 9σ, and 11σ, the same as in Figure 2. Red, magenta, and blue contours show the 12CO(1-0) distribution of
foreground molecular clouds from the FCRAO data with contour levels of 3σ, 5σ, 7σ, 9σ, and 11σ red: vLSR = −43.5 to
−47.6 km s−1, 1 σ = 0.28 K km s−1; magenta: vLSR = −35.3 to −38.6 km s
−1, 1 σ = 0.25 K km s−1; blue: vLSR = −0.6 to
−8.9 km s−1, 1 σ = 0.42 K km s−1). Right: distribution of the foreground molecular clouds in and around the 02376+6030,
02407+6029, and 02413+6037 clouds. The gray-scale background shows the WISE 12 µm images. Green contours show the
12CO(1-0) distribution from the FCRAO data with contour levels of 3σ, 5σ, 7σ, 9σ, and 11σ, the same as in Figure 5. Red,
magenta, cyan, and blue contours show the 12CO(1-0) distribution of the foreground molecular clouds from the FCRAO data
with contour levels of 3σ, 5σ, 7σ, 9σ, and 11σ, (red: vLSR = −49.3 to −55.9 km s
−1, 1 σ = 0.37 K km s−1; magenta: vLSR =
−32.0 to −46.0 km s−1, 1 σ = 0.56 K km s−1; cyan: vLSR = −8.1 to −16.3 km s
−1, 1 σ = 0.42 K km s−1; blue: vLSR = 5.1 to
−3.1 km s−1, 1 σ = 0.42 K km s−1).
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Figure 11. The [3.4]−[4.6] vs. [3.6]−[12] color-color diagram of all the AllWISE catalog sources in the FCRAO CO survey of
the outer Galaxy area (102◦.49 ≤ l ≤ 141◦.54 and −3◦.03 ≤ b ≤ 5◦.41). We selected the sources that do not have cc flags in all
of the four bands and have S/N > 5 in all of the 3.4, 4.6, and 12 µm bands (926,132 sources in the area). Red circles and yellow
squares show the candidate star-forming regions with the contamination rate of their parental clouds of < 30 % and ≥ 30 %,
respectively. The black dots in the left panel show all the sources in the area. The black contours in the right panel show the
distributions of all the sources in the area (10, 20, 40, 80, 160, 320, 640, 1280, and 2560 independent data points per 0.05 cell).
The black arrows show the extinction vectors for, from left to right, AK = 0.4, 0.8, and 2 (McClure 2009; Koenig & Leisawitz
2014). The polygons delineated with cyan dashes show the region of individual YSOs from Koenig & Leisawitz (2014). The
magenta box shows our defined region of distant star-forming regions.
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Figure 12. Top: number density of candidate star-forming
regions detected as a function of the width of the annulus
for the trial region in the field region around clouds with
associated candidate star-forming regions. The red and cyan
dotted lines show the mean number density of candidate star-
forming regions in the cloud (0.13 arcmin−2) and field regions
(0.020 arcmin−2), respectively. The green dotted line shows
the total number density of QSOs, AGNs, and PNe (0.0045
arcmin−2; see Section 3.5). Bottom: contamination rate as
a function of width, the same as in the top panel.
Figure 13. Histogram and plot of the contamination rates
for all the 252 molecular clouds with associated candidate
star-forming regions. Top: cumulative number of the molec-
ular clouds. Bottom: number of the molecular clouds with a
bin size of contamination rate of 5%. The black dotted line
shows the contamination threshold of 30%. Clouds with a
contamination rate lower than 30% (211 clouds) are regarded
as high-reliability candidates.
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Figure 14. The [3.4] vs. [3.4]−[4.6] color-magnitude diagram of all of the AllWISE catalog sources in the FCRAO CO survey
of the outer Galaxy area (102◦.49 ≤ l ≤ 141◦.54 and −3◦.03 ≤ b ≤ 5◦.41). We selected the sources that do not have cc flags in
all of the four bands and have S/N > 5 in all of the 3.4, 4.6, and 12 µm bands (926,132 sources in the area). Red circles and
yellow squares show the candidate star-forming regions with a contamination rate of their parental clouds of < 30 % and ≥ 30
%, respectively. The black dots in the left panel show all the sources in the area. The black contours in the right panel show
the distribution of all the sources in the area (10, 20, 40, 80, 160, 320, 640, 1280, and 2560 independent data points per 0.05
cell). Gray lines show the average detection limit for the minimum integration for eight frames (16.5 mag for 3.4 µm and 15.5
mag for 4.6 µm; Wright et al. 2010). The black arrows show the extinction vectors for, from left to right, AK = 0.4, 0.8, and 2
(McClure 2009; Koenig & Leisawitz 2014). The magenta lines show our defined boundary for distant star-forming regions.
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Figure 15. Left: apparent magnitude variation as a function of the kinematic distance for the candidate star-forming regions.
Red circles and yellow squares show the candidate star-forming regions with a contamination rate of their parental clouds of <
30% and ≥ 30%, respectively. The size of the symbols indicates the mass of their parental clouds (small: 102 M⊙ ≤ Mcloud <
103 M⊙; middle: 10
3 M⊙ ≤ Mcloud < 10
4 M⊙; large: 10
4 M⊙ ≤ Mcloud). Note that 11 candidates with kinematic distances of
more than 20 kpc (RG > 27 kpc) have already been found in previous study (sample star forming regions associated with Digel
Cloud 2) and are known to be actually located at a distance of 12 kpc (RG = 19 kpc) from high-resolution optical spectra (e.g.
Smartt et al. 1996; Kobayashi et al. 2008). The gray dotted lines show the average detection limit for the minimum integration
for eight frames (16.5, 15.5, 11.2, and 7.9 mag for 3.4, 4.6, 12, and 22 µm, respectively; Wright et al. 2010). Cyan and blue
curves show the apparent magnitude for the A0 and B0 stars in the main sequence (Cox 2000). The blue dotted curve shows
the 22 µm apparent magnitude for the H II regions ionized by B0 stars (Anderson et al. 2014). Right: same as the left panel
but for the absolute magnitudes. The gray solid lines show the completeness limit up to D ∼ 14 kpc.
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Figure 16. IRAS color-color diagram for the IRAS sources
associated with the BKP clouds with NE ≥ 10
−2.0 at RG ≥
13.5 kpc identified by Kerton & Brunt (2003). The filled
and open circles indicate the IRAS sources detected and
not detected, respectively, as candidate star-forming regions
in our survey with the WISE data. The black box indi-
cates the region of representative star-forming regions by
Wouterloot & Brand (1989): log (25µm/12µm) > 0, 0.38 <
log (60µm/25µm) < 1.88.
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Table 1. Molecular Clouds with Associated Sample Star-forming Regions in the FOG and EOG
Region Molecular Cloud Galactic Coordinates VLSR D RG Age References
l (deg) b (deg) (km s−1) (kpc) (kpc) (Myr)
EOG Digel Cloud 1 131◦.05 1◦.45 -101.8 16 22 < 1 (1),(2)
Digel Cloud 2 137◦.75 -1◦.00 -102.4 12 19 0.5 – 1.0 (1),(3),(4)
WB89-789 cloud 195◦.82 -0◦.57 34.01 11.9 20.2 · · · (5),(6)
FOG 01537+6154 cloud 130◦.539 0◦.263 -62.0 6.5 13.6 · · · (7),(8)
01587+6148 cloud 131◦.145 0◦.312 -61.0 6.3 13.5 · · · (7),(8)
02071+6235 cloud 131◦.856 1◦.332 -78.3 9.4 16.4 · · · (7),(8)
02376+6030 cloud 135◦.988 0◦.672 -78.1 10.2 17.4 · · · (7),(8)
02383+6241 cloud 135◦.182 2◦.694 -71.8 8.5 15.7 · · · (7),(8)
02395+6244 cloud 135◦.278 2◦.797 -71.6 8.8 16.0 · · · (7),(8)
02407+6029 cloud 136◦.347 0◦.817 -74.4 9.4 16.8 · · · (7),(8)
02413+6037 cloud 136◦.357 0◦.958 -61.6 6.9 14.3 · · · (7),(8)
02421+6233 cloud 135◦.627 2◦.765 -72.4 8.9 16.1 · · · (7),(8)
02598+6008 cloud 138◦.618 1◦.562 -59.6 7.0 14.5 · · · (7),(8)
References. (1) Digel et al. (1994); (2) Izumi et al. (2014); (3) Kobayashi et al. (2008); (4) Yasui et al. (2008); (5)
Brand & Wouterloot (1994); (6) Brand & Wouterloot (2007); (7) Heyer et al. (1998); (8) Snell et al. (2002)
Table 2. Sample and Candidate Star-forming Regions and the WISE Sources in the Outer Galaxy
Region Molecular Star-forming a Type b AllWISE Source Coordinate 3.4 µm σ3.4 4.6 µm σ4.6 12 µm σ12 22 µm σ22
Cloud Region l b (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
EOG Digel Cloud 1 CAN - J020411.94+631135.7 131.028 1.471 15.328 0.044 13.679 0.035 10.939 0.103 8.476 0.354
Q A J020429.54+631412.8 131.047 1.522 13.059 0.025 11.901 0.022 9.156 0.035 6.704 0.074
Cloud 1a EC J020417.32+631418.9 131.025 1.517 14.053 0.027 13.195 0.029 10.718 0.096 7.885 0.223
Cloud 1a EC J020418.20+631436.0 131.025 1.522 14.310 0.037 13.559 0.044 10.948 0.142 7.711 0.270
Cloud 1a EC J020417.77+631441.6 131.024 1.524 14.444 0.040 13.592 0.046 11.160 0.174 8.082 null
Cloud 1b EC J020508.31+630452.9 131.161 1.393 13.781 0.030 12.462 0.027 9.475 0.044 6.297 0.065
Cloud 1b EC J020508.25+630511.5 131.160 1.398 13.692 0.026 12.997 0.029 9.904 0.050 7.505 0.139
Q A J020504.94+630314.9 131.163 1.365 13.830 0.030 12.895 0.028 10.340 0.069 7.650 0.168
Digel Cloud 2 Cloud 2-N EC J024842.33+582847.2 137.766 -0.973 13.997 0.030 13.118 0.029 9.601 0.048 6.757 0.078
Q A J024912.15+582901.6 137.823 -0.941 15.288 0.049 14.764 0.073 10.592 0.119 8.000 0.225
Q A J024915.44+582848.2 137.831 -0.942 15.004 0.051 14.147 0.046 10.285 0.082 7.091 0.113
Q A J024917.52+582900.8 137.833 -0.936 15.535 0.042 14.788 0.058 11.284 0.172 8.280 null
Q A J024914.79+582845.1 137.830 -0.943 15.225 0.050 13.561 0.035 9.540 0.061 6.719 0.094
Q A J024853.48+582954.8 137.780 -0.946 13.860 0.034 13.233 0.030 9.869 0.065 7.285 0.125
Q A J024908.91+583014.5 137.807 -0.926 15.431 0.047 14.462 0.050 10.243 0.103 7.646 0.230
IRS 1 A J024856.41+582919.7 137.790 -0.952 11.713 0.023 11.001 0.020 7.374 0.018 5.365 0.050
Q A J024917.38+583032.6 137.822 -0.914 13.729 0.028 13.126 0.030 10.539 0.130 8.390 0.328
Cloud 2-N EC J024842.95+582912.4 137.764 -0.966 15.546 0.055 14.646 0.063 10.554 0.127 7.539 0.146
Cloud 2-N EC J024841.97+582916.7 137.762 -0.966 14.707 0.037 14.090 0.045 11.071 0.194 8.718 0.423
Cloud 2-N EC J024842.40+582904.2 137.764 -0.969 15.278 0.049 14.404 0.053 10.539 0.120 7.537 0.158
Table 2 continued
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Table 2 (continued)
Region Molecular Star-forming a Type b AllWISE Source Coordinate 3.4 µm σ3.4 4.6 µm σ4.6 12 µm σ12 22 µm σ22
Cloud Region l b (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
Q A J024825.92+582846.8 137.734 -0.989 14.539 0.033 13.228 0.030 9.903 0.056 7.629 0.139
Q A J024843.94+583021.8 137.758 -0.948 14.190 0.030 12.980 0.028 10.328 0.087 7.501 0.128
CAN · · · J024801.66+582222.8 137.732 -1.108 14.423 0.030 13.028 0.028 9.707 0.042 7.472 0.129
CAN · · · J024853.76+582046.1 137.847 -1.083 13.742 0.042 12.739 0.036 9.156 0.068 6.975 0.152
Q A J024830.64+582700.5 137.756 -1.011 14.859 0.040 14.356 0.050 10.871 0.110 8.271 0.222
IRS 3 A J024826.90+582357.6 137.771 -1.060 13.571 0.033 12.424 0.028 9.812 0.061 7.182 0.155
Cloud 2-S EC J024828.69+582331.9 137.777 -1.065 12.686 0.023 11.495 0.021 8.358 0.026 5.042 0.034
IRS 5 A J024844.84+582336.1 137.809 -1.049 12.076 0.023 11.062 0.020 8.240 0.022 5.856 0.046
IRS 4 A J024835.25+582336.1 137.790 -1.058 12.626 0.025 11.611 0.022 9.124 0.038 6.767 0.085
Q A J024829.02+582414.5 137.773 -1.054 15.489 0.068 14.590 0.052 10.719 0.110 7.624 0.133
CAN · · · J024822.19+582249.7 137.770 -1.082 14.037 0.028 12.966 0.027 10.166 0.063 7.960 0.214
WB89-789 cloud · · · EC J061724.10+145431.6 195.823 -0.569 10.588 0.020 9.948 0.020 4.746 0.011 1.834 0.031
· · · EC J061724.02+145440.7 195.821 -0.568 10.313 0.026 8.804 0.020 4.944 0.020 1.706 0.027
· · · EC J061725.21+145449.6 195.821 -0.563 11.268 0.058 10.231 0.028 5.045 0.015 1.924 0.020
FOG 01537+6154 cloud CAN · · · J015724.02+620703.1 130.560 0.227 9.537 0.023 8.333 0.021 5.166 0.016 2.981 0.023
01537+6154 EC J015719.28+620914.7 130.542 0.260 11.764 0.023 11.203 0.022 9.205 0.037 4.560 0.034
CAN · · · J015718.83+620832.0 130.544 0.248 14.399 0.029 13.758 0.032 11.294 0.185 8.089 0.249
01537+6154 EC J015718.61+620931.3 130.540 0.264 9.801 0.023 7.651 0.020 5.538 0.013 2.729 0.016
CAN · · · J015721.61+621033.4 130.541 0.282 15.445 0.041 13.453 0.029 9.897 0.046 6.550 0.063
CAN · · · J015736.47+620554.3 130.589 0.214 13.845 0.028 13.288 0.029 10.966 0.142 8.062 0.221
CAN · · · J015727.30+620644.2 130.568 0.223 13.537 0.028 12.468 0.028 9.598 0.049 6.504 0.076
CAN · · · J015741.70+620511.2 130.602 0.205 12.432 0.024 11.651 0.022 9.357 0.037 7.128 0.099
CAN · · · J015738.91+620533.1 130.595 0.210 12.321 0.048 11.720 0.022 9.619 0.047 7.318 0.126
CAN · · · J015748.03+620503.9 130.614 0.207 9.818 0.022 9.072 0.021 6.861 0.017 5.003 0.033
01587+6148 cloud CAN · · · J020239.51+620525.3 131.161 0.362 14.789 0.033 13.923 0.038 11.324 0.173 8.290 0.282
CAN · · · J020238.68+620543.8 131.158 0.367 15.452 0.070 14.775 0.071 11.362 0.184 8.130 0.233
CAN · · · J020236.09+620513.8 131.156 0.357 17.110 0.118 15.782 0.115 11.072 0.142 7.114 0.103
01587+6148 EC J020223.40+620245.3 131.143 0.311 11.472 0.023 10.891 0.021 5.935 0.014 3.726 0.020
02071+6235 cloud 02071+6235 EC w/ H II J021049.90+624910.4 131.857 1.333 9.774 0.020 8.923 0.015 4.537 0.014 1.098 0.013
02376+6030 cloud 02376+6030 EC J024129.21+604327.8 135.988 0.673 10.677 0.022 10.159 0.020 5.148 0.015 2.779 0.018
CAN · · · J024156.78+605113.4 135.986 0.814 15.289 0.051 14.023 0.044 10.714 0.134 8.412 0.336
CAN · · · J024202.34+605240.4 135.986 0.841 15.990 0.094 15.428 0.107 10.233 0.116 8.264 0.279
CAN · · · J024202.89+605232.2 135.988 0.839 16.101 0.105 15.390 0.110 10.490 0.143 8.193 0.263
CAN · · · J024204.42+605202.2 135.995 0.833 16.339 0.191 15.470 0.115 9.944 0.117 8.167 0.250
CAN · · · J024148.47+604853.0 135.987 0.772 15.820 0.052 14.573 0.054 11.229 0.162 8.374 null
02383+6241 cloud CAN · · · J024241.28+625436.3 135.213 2.722 13.539 0.027 12.843 0.030 8.172 0.040 5.197 0.042
CAN · · · J024218.97+625405.0 135.178 2.697 10.779 0.027 10.148 0.024 4.700 0.015 1.179 0.034
CAN · · · J024224.73+625407.2 135.188 2.702 11.196 0.021 10.637 0.021 5.297 0.012 1.596 0.020
CAN · · · J024220.30+625447.2 135.176 2.708 13.346 0.026 12.741 0.025 7.580 0.018 3.090 0.008
CAN · · · J024219.76+625430.3 135.177 2.704 11.636 0.016 11.042 0.014 5.957 0.006 1.138 0.004
CAN · · · J024222.00+625438.4 135.180 2.707 13.455 0.019 12.914 0.026 7.249 0.015 1.960 0.006
02383+6241a EC w/ H II J024221.73+625403.6 135.183 2.698 9.942 0.025 9.344 0.021 4.601 0.016 0.384 0.018
CAN · · · J024219.87+625404.0 135.180 2.697 10.650 0.029 9.917 0.027 4.705 0.019 0.871 0.029
CAN · · · J024238.04+625430.8 135.208 2.718 12.918 0.034 12.414 0.037 7.502 0.026 4.628 0.032
02383+6241b EC J024239.14+625425.3 135.211 2.718 12.029 0.028 10.790 0.022 7.045 0.022 4.247 0.037
CAN · · · J024216.31+625322.9 135.179 2.684 13.519 0.016 12.852 0.014 7.245 0.005 4.223 0.018
CAN · · · J024217.33+625324.8 135.180 2.685 13.283 0.026 12.582 0.025 6.782 0.014 3.904 0.021
02407+6029 cloud CAN · · · J024459.59+604345.7 136.376 0.857 13.900 0.035 12.879 0.032 9.912 0.083 6.904 0.090
CAN · · · J024422.18+604114.4 136.324 0.786 14.434 0.089 13.479 0.139 8.852 0.093 4.591 0.036
CAN · · · J024422.36+604133.8 136.322 0.791 14.265 0.033 13.072 0.035 8.978 0.078 5.286 0.032
CAN · · · J024421.32+604127.5 136.321 0.789 14.220 0.047 13.569 0.048 8.659 0.077 5.123 0.045
CAN · · · J024425.77+604143.5 136.328 0.797 14.457 0.160 13.205 0.139 9.536 0.202 6.264 0.155
CAN · · · J024427.51+604136.2 136.332 0.796 14.218 0.088 12.995 0.070 8.704 0.060 5.711 0.099
CAN · · · J024458.97+604250.7 136.381 0.842 12.726 0.026 11.505 0.026 8.368 0.029 5.431 0.049
CAN · · · J024458.20+604259.7 136.379 0.844 13.688 0.037 12.936 0.049 8.816 0.033 5.776 0.052
02407+6029b EC J024457.48+604225.6 136.381 0.835 12.032 0.025 10.310 0.022 7.717 0.026 4.069 0.031
CAN · · · J024440.19+604230.6 136.349 0.821 10.755 0.025 10.139 0.021 4.591 0.016 1.142 0.017
CAN · · · J024332.92+604537.3 136.203 0.810 16.483 0.162 15.535 0.130 9.988 0.103 8.747 0.372
CAN · · · J024259.82+604713.3 136.130 0.807 15.010 0.038 14.414 0.051 9.834 0.061 6.244 0.065
CAN · · · J024300.53+604720.4 136.131 0.809 15.095 0.063 14.530 0.055 9.977 0.063 6.843 0.082
CAN · · · J024253.79+604703.0 136.120 0.799 15.143 0.058 14.534 0.061 9.316 0.047 5.646 0.044
CAN · · · J024256.29+604704.5 136.125 0.801 14.615 0.038 13.912 0.040 8.934 0.038 5.817 0.064
CAN · · · J024438.68+604603.1 136.321 0.873 12.806 0.034 11.636 0.026 9.280 0.068 6.596 0.100
CAN · · · J024336.65+604551.4 136.208 0.817 16.550 0.172 15.844 0.153 10.065 0.149 8.579 null
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Table 2 (continued)
Region Molecular Star-forming a Type b AllWISE Source Coordinate 3.4 µm σ3.4 4.6 µm σ4.6 12 µm σ12 22 µm σ22
Cloud Region l b (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
CAN · · · J024339.81+604601.4 136.213 0.822 16.615 0.168 15.492 0.123 10.071 0.113 8.329 null
CAN · · · J024346.10+604637.8 136.220 0.837 15.895 0.067 15.227 0.091 10.130 0.188 8.802 0.526
02413+6037 cloud CAN · · · J024512.35+604951.0 136.356 0.959 9.945 0.163 9.368 0.099 5.615 0.082 2.540 0.030
CAN · · · J024514.20+605059.1 136.352 0.978 11.808 0.025 10.998 0.022 7.252 0.033 4.747 0.035
CAN · · · J024514.44+605050.7 136.353 0.976 11.918 0.027 11.315 0.026 6.741 0.027 4.667 0.039
CAN · · · J024545.93+605141.7 136.405 1.016 14.924 0.075 13.897 0.052 10.519 0.178 7.722 0.314
CAN · · · J024527.40+605513.5 136.346 1.054 14.674 0.136 14.052 0.129 8.558 0.212 6.046 0.172
CAN · · · J024510.24+604956.4 136.352 0.959 10.572 0.023 9.502 0.021 5.327 0.017 0.425 0.008
02413+6037 EC J024510.79+604937.1 136.355 0.955 9.941 0.024 7.435 0.020 3.379 0.014 -0.009 0.015
02421+6233 cloud 02421+6233 EC w/ H II J024607.12+624630.3 135.626 2.765 9.447 0.022 8.817 0.020 3.721 0.014 0.474 0.016
CAN · · · J024558.90+624708.0 135.607 2.767 12.086 0.023 11.316 0.021 7.805 0.021 5.131 0.036
02598+6008 cloud CAN · · · J030311.26+602007.6 138.548 1.521 12.065 0.024 11.302 0.024 7.219 0.023 5.658 0.041
CAN · · · J030258.27+601920.8 138.531 1.497 11.484 0.024 10.787 0.021 7.898 0.061 6.088 0.113
CAN · · · J030336.77+602055.1 138.588 1.558 15.035 0.050 11.792 0.023 9.228 0.117 5.419 0.078
02598+6008 EC J030350.14+602013.2 138.618 1.562 9.211 0.023 7.760 0.020 4.075 0.014 1.167 0.011
a Q: star-forming regions (cluster/stellar aggregates) that are unpublished yet but identified separately from our Subaru and QUIRC data (Izumi et al. 2017, in preparation);
CAN: candidate of star-forming regions newly identified with the WISE data (see Section3.1);
others: ID of star-forming regions in the literature (Snell et al. 2002; Kobayashi et al. 2008; Yasui et al. 2008; Izumi et al. 2014).
b A: aggregate, EC: embedded cluster, EC w/ HII: embedded cluster with HII region (Snell et al. 2002)
Table 3. Contamination Rate for Molecular Clouds with Associating Sample Star-forming Regions
Molecular Number of Candidate/Sample Cloud Number Density of Number of Number Density of Contamination
Star-forming Regions Area Candidate/Sample Star-forming Candidates Candidate Star-forming
Clouds in the Cloud Regions in the Cloud in the Field Regions in the Field Rate
(NMC) (arcmin
2) (nMC) (arcmin
−2) (NF) (nF) (arcmin
−2) (%)
Digel Cloud 1 (NRO data) 8 24 3.3 × 10−1 36 1.3 × 10−2 4
Digel Cloud 1 (FCRAO data) 8 39 2.1 × 10−1 36 1.3 × 10−2 6
Digel Cloud 2 (NRO data) 25 46 5.4 × 10−1 40 1.5 × 10−2 3
Digel Cloud 2 (FCRAO data) 25 56 4.5 × 10−1 40 1.5 × 10−2 3
WB89-789 cloud · · · · · · · · · · · · · · · · · ·
01537+6154 cloud 10 130 7.7 × 10−2 21 7.9 × 10−3 10
01587+6148 cloud 4 36 1.1 × 10−1 23 8.3 × 10−3 7
02071+6235 cloud 1 41 2.4 × 10−2 30 7.2 × 10−3 29
02376+6030 cloud 6 72 8.3 × 10−2 122 4.5 × 10−2 54
02383+6241 cloud 12 28 4.3 × 10−1 42 1.5 × 10−2 4
02395+6244 cloud 0 21 · · · 34 1.2 × 10−2 · · ·
02407+6029 cloud 19 130 1.5 × 10−1 143 5.4 × 10−2 37
02413+6037 cloud 7 32 2.2 × 10−1 147 5.3 × 10−2 24
02421+6233 cloud 2 18 1.1 × 10−1 52 1.9 × 10−2 17
02598+6008 cloud 4 28 1.4 × 10−1 75 2.7 × 10−2 19
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APPENDIX
A. LIST OF NEWLY IDENTIFIED STAR-FORMING REGIONS AND THEIR PARENTAL CLOUDS
Detailed information on newly identified star-forming regions and their parental molecular clouds is summrized in
this appendix. Table A1 is for the star-forming molecular clouds, and Table A2 is for the star-forming regions.
Table A1. Molecular Clouds with Associated New Candidate Star-forming Regions
Molecular Cloud Galactic Coordinate VLSR D RG Number of Candidates Contamination Note
a
l (deg) b (deg) (km s−1) (kpc) (kpc) in the Cloud Rate (%)
[BKP2003]8672 139.344 2.891 -52.87 5.85 13.5 4 33.0
[BKP2003]8674 139.397 2.768 -53.34 5.93 13.6 4 12.9
[BKP2003]8713 136.314 0.165 -57.64 6.23 13.7 15 21.9
[BKP2003]8715 136.269 0.260 -56.09 5.98 13.5 1 231
[BKP2003]8911 139.096 3.518 -54.32 6.06 13.7 5 6.72
[BKP2003]8918 141.464 4.484 -50.66 5.80 13.5 2 18.0
[BKP2003]9254 136.789 0.445 -59.82 6.65 14.1 11 31.5
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Table A1 (continued)
Molecular Cloud Galactic Coordinate VLSR D RG Number of Candidates Contamination Note
a
l (deg) b (deg) (km s−1) (kpc) (kpc) in the Cloud Rate (%)
[BKP2003]9255 136.866 0.257 -56.94 6.18 13.7 3 105
[BKP2003]9256 136.826 0.350 -56.66 6.13 13.6 3 48.7
[BKP2003]9257 136.956 0.192 -57.17 6.23 13.7 4 44.8
[BKP2003]9258 136.901 0.097 -56.26 6.07 13.6 5 34.7
[BKP2003]9303 140.204 2.618 -53.40 6.05 13.7 1 11.8
[BKP2003]9377 141.145 1.480 -56.73 6.80 14.4 3 18.8
[BKP2003]9429 136.648 0.313 -56.45 6.07 13.6 4 61.1
[BKP2003]9430 136.652 0.371 -56.76 6.12 13.6 5 56.9
[BKP2003]9486 138.662 3.442 -55.95 6.28 13.8 1 54.5
[BKP2003]9518 136.712 0.662 -56.60 6.11 13.6 1 130
[BKP2003]9526 137.244 1.116 -56.66 6.18 13.7 2 143
[BKP2003]9540 135.696 1.777 -56.86 6.04 13.5 2 44.4
[BKP2003]9567 138.383 3.402 -55.88 6.23 13.8 1 12.6
[BKP2003]9571 138.793 3.575 -56.40 6.38 13.9 1 27.3
[BKP2003]9572 138.940 3.614 -56.25 6.37 13.9 3 13.7
[BKP2003]9583 137.788 -0.307 -56.83 6.28 13.8 1 20.0
[BKP2003]9593 135.800 0.090 -56.70 6.02 13.5 2 3.46
[BKP2003]9596 137.069 0.146 -56.70 6.16 13.7 1 13.8
[BKP2003]9600 135.612 0.349 -58.09 6.22 13.7 2 16.5
[BKP2003]9607 141.054 0.640 -57.56 6.94 14.6 1 60.4
[BKP2003]9608 135.977 0.627 -57.23 6.12 13.6 2 4.86
[BKP2003]9756 139.135 0.192 -59.07 6.87 14.4 2 5.35
[BKP2003]9760 137.315 0.350 -60.17 6.78 14.2 2 15.7
[BKP2003]9761 134.750 0.385 -58.89 6.25 13.6 1 6.14
[BKP2003]9764 137.140 0.467 -58.35 6.45 13.9 1 19.4
[BKP2003]9779 137.308 1.099 -58.66 6.52 14.0 1 122
[BKP2003]9791 138.613 1.557 -59.74 6.91 14.4 2 16.5 02587+6008 cloud
[BKP2003]9792 138.548 1.522 -59.68 6.89 14.4 2 15.6 02587+6008 cloud
[BKP2003]9833 137.380 0.457 -59.55 6.68 14.2 1 27.3
[BKP2003]9836 132.831 0.605 -59.62 6.18 13.5 1 47.2
[BKP2003]9838 136.344 0.818 -59.56 6.55 14.0 2 8.50
[BKP2003]9910 133.395 0.140 -60.00 6.28 13.6 3 5.06
[BKP2003]9911 137.064 0.190 -60.00 6.72 14.2 2 22.2
[BKP2003]9914 131.151 0.344 -61.32 6.29 13.5 4 6.73 01587+6148 cloud
[BKP2003]9922 136.356 0.976 -62.04 6.97 14.4 7 22.1 02413+6037 cloud
[BKP2003]9949 134.096 2.672 -60.20 6.40 13.7 1 5.89
[BKP2003]9993 132.615 1.465 -61.28 6.41 13.7 2 5.87
[BKP2003]9994 135.432 1.540 -61.95 6.83 14.2 1 26.7
[BKP2003]10096 139.399 -2.044 -62.47 7.59 15.1 1 4.18
[BKP2003]10105 136.501 0.488 -62.95 7.15 14.5 6 3.06
[BKP2003]10106 131.263 0.522 -63.08 6.56 13.7 2 1.00
[BKP2003]10115 131.928 1.305 -64.77 6.89 14.1 7 10.7
[BKP2003]10120 135.724 1.524 -63.31 7.11 14.5 2 5.66
[BKP2003]10123 125.614 1.619 -66.04 6.63 13.5 4 35.4
[BKP2003]10164 136.138 1.085 -64.30 7.34 14.7 1 47.3
[BKP2003]10171 130.493 1.481 -64.37 6.70 13.8 3 14.3
[BKP2003]10172 132.484 1.694 -64.78 6.95 14.2 9 14.3
[BKP2003]10174 132.613 1.727 -64.06 6.85 14.1 2 10.6
[BKP2003]10208 120.433 3.623 -71.85 7.28 13.7 2 114
[BKP2003]10209 120.203 3.659 -70.06 7.04 13.5 2 78.9
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Table A1 (continued)
Molecular Cloud Galactic Coordinate VLSR D RG Number of Candidates Contamination Note
a
l (deg) b (deg) (km s−1) (kpc) (kpc) in the Cloud Rate (%)
[BKP2003]10227 125.349 0.366 -67.78 6.85 13.7 5 21.9
[BKP2003]10282 128.898 1.231 -65.72 6.77 13.8 1 13.3
[BKP2003]10295 131.104 2.158 -65.64 6.95 14.1 1 8.55
[BKP2003]10332 125.082 0.765 -67.74 6.83 13.6 8 28.1
[BKP2003]10333 125.077 0.879 -68.00 6.87 13.7 8 5.06
[BKP2003]10340 130.876 2.294 -65.83 6.96 14.1 1 9.06
[BKP2003]10369 122.321 4.084 -69.09 6.96 13.5 4 25.5
[BKP2003]10376 123.375 1.599 -68.67 6.90 13.6 3 16.9
[BKP2003]10406 127.792 0.425 -67.90 7.01 13.9 1 3.49
[BKP2003]10412 123.171 1.462 -67.96 6.79 13.5 1 12.4
[BKP2003]10423 122.007 2.770 -69.33 6.96 13.5 7 25.0
[BKP2003]10424 121.855 2.907 -68.98 6.91 13.5 11 12.2
[BKP2003]10449 138.437 2.154 -68.48 8.64 16.0 1 16.9
[BKP2003]10450 123.565 2.365 -68.43 6.88 13.6 3 2.59
[BKP2003]10472 120.727 4.068 -69.90 7.03 13.5 4 28.0
[BKP2003]10473 120.915 4.222 -70.45 7.11 13.6 4 30.9
[BKP2003]10477 120.915 4.984 -69.65 7.02 13.5 2 15.8
[BKP2003]10485 135.824 2.374 -69.51 8.30 15.6 1 4.48
[BKP2003]10487 122.156 2.684 -69.07 6.93 13.5 2 3.68
[BKP2003]10505 123.138 4.054 -69.81 7.09 13.7 4 2.84
[BKP2003]10508 121.277 4.271 -69.07 6.93 13.5 1 5.29
[BKP2003]10510 120.810 4.916 -69.44 6.99 13.5 2 18.9
[BKP2003]10514 131.651 1.791 -71.67 8.03 15.1 1 26.1
[BKP2003]10515 124.382 1.981 -71.95 7.42 14.1 9 31.1
[BKP2003]10516 124.509 1.867 -72.23 7.47 14.1 1 26.8
[BKP2003]10520 119.728 2.270 -70.42 7.06 13.5 2 5.11
[BKP2003]10526 121.777 2.630 -70.37 7.10 13.6 5 2.50
[BKP2003]10528 135.208 2.725 -72.23 8.74 15.9 12 2.94 02383+6241 cloud
[BKP2003]10532 120.534 2.939 -70.20 7.05 13.5 1 33.2
[BKP2003]10534 136.750 3.033 -70.60 8.73 16.0 1 20.6
[BKP2003]10550 125.198 1.346 -70.72 7.27 14.0 1 5.64
[BKP2003]10554 120.014 2.196 -71.04 7.14 13.6 1 19.5
[BKP2003]10555 134.926 2.365 -71.76 8.58 15.8 4 19.7
[BKP2003]10556 135.659 2.488 -70.86 8.55 15.8 1 5.46
[BKP2003]10570 123.376 1.574 -72.63 7.46 14.1 2 9.75
[BKP2003]10571 122.731 1.638 -71.77 7.31 13.9 1 7.92
[BKP2003]10572 118.319 1.971 -72.29 7.29 13.6 1 10.8
[BKP2003]10573 118.359 2.050 -71.54 7.19 13.5 2 2.00
[BKP2003]10578 135.623 2.754 -72.67 8.92 16.1 2 15.3 02421+6233 cloud
[BKP2003]10579 136.670 2.861 -71.64 8.94 16.2 3 6.10
[BKP2003]10580 135.639 2.990 -72.28 8.85 16.1 1 8.06
[BKP2003]10585 117.202 5.059 -73.49 7.50 13.6 8 40.6
[BKP2003]10586 117.422 5.099 -72.83 7.42 13.6 6 9.07
[BKP2003]10587 138.264 0.605 -72.88 9.60 16.9 4 7.38
[BKP2003]10588 138.408 0.644 -72.60 9.58 16.9 6 10.6
[BKP2003]10589 136.366 0.848 -74.29 9.43 16.6 19 33.0 02407+6029 cloud
[BKP2003]10591 125.331 1.733 -73.42 7.70 14.4 1 55.1
[BKP2003]10592 133.788 2.196 -72.65 8.55 15.7 1 13.4
[BKP2003]10596 120.089 2.354 -72.37 7.33 13.7 2 23.2
[BKP2003]10614 138.524 0.777 -73.56 9.85 17.2 2 6.89
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Table A1 (continued)
Molecular Cloud Galactic Coordinate VLSR D RG Number of Candidates Contamination Note
a
l (deg) b (deg) (km s−1) (kpc) (kpc) in the Cloud Rate (%)
[BKP2003]10624 133.401 2.041 -74.37 8.82 15.9 3 11.1
[BKP2003]10627 135.371 2.712 -73.73 9.10 16.3 4 5.46
[BKP2003]10635 121.204 4.034 -73.64 7.56 14.0 5 14.5
[BKP2003]10636 133.884 0.365 -74.61 8.95 16.1 1 48.4
[BKP2003]10643 135.962 0.800 -75.97 9.72 16.9 7 26.7 02376+6030 cloud
[BKP2003]10644 113.727 0.903 -75.75 7.77 13.6 1 13.2
[BKP2003]10645 113.620 0.924 -75.53 7.74 13.6 1 20.8
[BKP2003]10649 136.192 2.261 -74.84 9.53 16.7 1 19.1
[BKP2003]10650 112.135 2.398 -79.21 8.27 13.9 3 29.5
[BKP2003]10651 112.325 2.505 -78.46 8.17 13.8 1 126
[BKP2003]10652 133.778 2.456 -75.38 9.11 16.2 1 8.48
[BKP2003]10653 111.884 2.769 -79.26 8.29 13.9 13 20.2
[BKP2003]10656 132.138 1.768 -75.67 8.86 15.9 1 5.37
[BKP2003]10658 109.746 3.417 -77.13 8.09 13.6 1 15.3
[BKP2003]10661 109.174 4.935 -76.34 8.05 13.5 4 6.59
[BKP2003]10664 138.571 0.774 -76.97 10.8 18.0 2 3.82
[BKP2003]10666 134.196 1.395 -76.49 9.42 16.5 1 20.6
[BKP2003]10667 124.152 1.931 -76.96 8.17 14.7 3 1.88
[BKP2003]10670 112.331 2.243 -78.84 8.22 13.9 2 25.7
[BKP2003]10674 121.757 3.292 -77.86 8.20 14.6 5 27.8
[BKP2003]10681 131.212 1.142 -77.86 9.13 16.1 3 11.7
[BKP2003]10683 131.447 1.164 -77.31 9.06 16.0 1 3.73
[BKP2003]10684 131.855 1.323 -78.80 9.44 16.4 1 56.4 02071+6235 cloud
[BKP2003]10685 123.596 1.956 -77.63 8.25 14.8 1 9.68
[BKP2003]10686 124.519 2.059 -77.96 8.36 14.9 1 13.8
[BKP2003]10687 124.485 2.190 -77.31 8.26 14.8 2 7.99
[BKP2003]10688 132.783 2.213 -77.72 9.40 16.4 1 4.55
[BKP2003]10692 104.394 2.822 -80.20 8.77 13.6 13 15.5
[BKP2003]10696 135.984 0.675 -78.40 10.3 17.4 1 13.2
[BKP2003]10700 130.681 1.447 -78.91 9.25 16.1 2 42.9
[BKP2003]10701 132.164 1.545 -78.24 9.38 16.3 1 48.8
[BKP2003]10703 126.337 2.250 -79.28 8.75 15.4 5 5.00
[BKP2003]10705 124.597 2.262 -78.92 8.53 15.1 1 19.6
[BKP2003]10707 135.385 2.685 -78.75 10.3 17.4 1 4.28
[BKP2003]10708 109.857 2.718 -81.42 8.65 14.0 18 8.93
[BKP2003]10709 109.934 2.790 -80.74 8.55 14.0 22 15.0
[BKP2003]10710 109.889 2.918 -80.57 8.53 13.9 2 55.5
[BKP2003]10711 104.164 2.705 -80.47 8.82 13.7 1 135
[BKP2003]10713 104.279 2.901 -79.44 8.68 13.6 7 8.64
[BKP2003]10715 114.559 4.551 -78.74 8.22 14.0 1 25.7
[BKP2003]10717 131.448 0.848 -79.42 9.49 16.4 3 9.37
[BKP2003]10719 127.251 1.470 -80.83 9.13 15.8 4 11.4
[BKP2003]10720 130.553 1.560 -78.96 9.24 16.1 2 10.2
[BKP2003]10724 104.462 3.119 -81.11 8.89 13.7 2 32.9
[BKP2003]10725 104.424 3.052 -80.36 8.79 13.7 1 26.1
[BKP2003]10728 136.020 0.364 -80.50 10.9 18.0 1 77.6
[BKP2003]10730 129.180 1.427 -80.01 9.23 16.0 2 8.47
[BKP2003]10731 129.564 1.689 -80.25 9.34 16.1 2 11.1
[BKP2003]10732 127.535 1.867 -80.97 9.19 15.9 14 10.2
[BKP2003]10733 128.857 1.862 -80.43 9.27 16.0 3 1.88
Table A1 continued
Star-forming regions beyond the outer Arm 37
Table A1 (continued)
Molecular Cloud Galactic Coordinate VLSR D RG Number of Candidates Contamination Note
a
l (deg) b (deg) (km s−1) (kpc) (kpc) in the Cloud Rate (%)
[BKP2003]10734 129.117 1.966 -81.30 9.48 16.2 7 7.14
[BKP2003]10735 128.771 1.994 -82.03 9.58 16.3 24 9.72
[BKP2003]10736 128.924 2.138 -80.36 9.27 16.0 6 4.31
[BKP2003]10737 123.843 2.231 -80.02 8.66 15.1 1 6.98
[BKP2003]10739 128.102 2.485 -80.92 9.27 16.0 1 36.5
[BKP2003]10740 103.866 2.822 -83.32 9.22 13.9 4 25.5
[BKP2003]10743 116.482 3.997 -79.79 8.35 14.3 1 5.07
[BKP2003]10744 114.187 4.297 -80.02 8.39 14.2 1 8.04
[BKP2003]10750 129.515 1.525 -80.61 9.40 16.2 1 15.5
[BKP2003]10752 129.059 1.602 -81.28 9.46 16.2 1 18.3
[BKP2003]10753 125.109 1.609 -81.43 9.00 15.5 3 1.61
[BKP2003]10755 126.220 2.024 -81.16 9.07 15.7 5 15.3
[BKP2003]10756 128.889 1.998 -81.50 9.49 16.2 1 13.7
[BKP2003]10758 123.929 2.239 -80.61 8.76 15.2 1 5.64
[BKP2003]10760 103.481 2.798 -81.65 9.03 13.8 1 12.2
[BKP2003]10761 103.568 2.838 -81.20 8.96 13.7 1 12.0
[BKP2003]10762 104.323 4.287 -85.56 9.52 14.2 2 97.1
[BKP2003]10765 125.082 1.416 -82.37 9.16 15.7 1 25.9
[BKP2003]10766 128.836 1.518 -82.20 9.61 16.3 2 21.0
[BKP2003]10770 105.277 4.470 -82.60 9.07 13.9 4 4.38
[BKP2003]10771 107.240 4.760 -81.95 8.88 14.0 1 22.5
[BKP2003]10774 128.814 1.324 -83.15 9.80 16.5 13 16.5
[BKP2003]10775 125.160 1.550 -82.26 9.15 15.7 3 3.11
[BKP2003]10776 128.881 1.568 -82.26 9.63 16.4 4 2.02
[BKP2003]10777 121.022 1.914 -82.98 8.95 15.2 2 10.2
[BKP2003]10780 102.884 2.883 -84.44 9.44 14.0 2 77.4
[BKP2003]10783 105.191 4.616 -82.26 9.03 13.9 1 4.73
[BKP2003]10784 125.012 1.597 -83.91 9.44 15.9 3 14.7
[BKP2003]10785 130.442 1.576 -83.33 10.1 16.9 1 14.8
[BKP2003]10787 119.651 2.036 -83.08 8.90 15.0 1 9.25
[BKP2003]10789 103.265 2.744 -83.29 9.26 13.9 1 2.97
[BKP2003]10792 125.054 2.146 -84.95 9.64 16.1 3 18.9
[BKP2003]10793 122.626 2.196 -84.42 9.31 15.6 2 13.5
[BKP2003]10794 124.651 2.515 -87.30 10.1 16.4 2 67.5
[BKP2003]10795 124.559 2.527 -88.75 10.3 16.7 4 4.39
[BKP2003]10796 124.485 2.526 -87.13 10.0 16.4 13 17.8
[BKP2003]10797 102.632 3.697 -88.25 10.0 14.5 9 21.0
[BKP2003]10798 132.306 1.971 -84.85 10.9 17.8 2 5.22
[BKP2003]10803 103.393 2.871 -85.03 9.48 14.1 1 27.2
[BKP2003]10804 119.150 1.718 -86.50 9.43 15.5 7 8.05
[BKP2003]10805 119.011 1.715 -86.03 9.35 15.4 2 10.6
[BKP2003]10807 132.371 1.979 -86.18 11.3 18.1 1 10.4
[BKP2003]10811 125.805 3.038 -86.41 10.0 16.5 1 9.93
[BKP2003]10812 125.219 3.187 -85.70 9.83 16.3 1 7.39
[BKP2003]10816 104.008 4.202 -87.90 9.87 14.5 3 25.2
[BKP2003]10819 132.162 2.524 -86.96 11.4 18.2 1 12.2
[BKP2003]10820 123.423 2.534 -87.24 9.90 16.2 1 41.7
[BKP2003]10824 104.057 4.063 -86.75 9.70 14.3 1 6.03
[BKP2003]10827 112.925 4.244 -87.32 9.47 15.0 1 10.8
[BKP2003]10828 125.167 1.959 -88.64 10.4 16.8 2 13.0
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Table A1 (continued)
Molecular Cloud Galactic Coordinate VLSR D RG Number of Candidates Contamination Note
a
l (deg) b (deg) (km s−1) (kpc) (kpc) in the Cloud Rate (%)
[BKP2003]10829 125.539 2.266 -88.13 10.3 16.8 1 38.9
[BKP2003]10830 102.823 3.712 -89.11 10.1 14.6 2 6.10
[BKP2003]10831 123.982 2.493 -89.22 10.3 16.7 3 6.09
[BKP2003]10832 125.573 2.750 -89.33 10.6 17.0 1 1.93
[BKP2003]10834 117.574 1.771 -89.68 9.89 15.7 1 5.40
[BKP2003]10835 123.066 1.350 -91.31 10.6 16.8 1 3.09
[BKP2003]10836 112.093 2.334 -90.69 9.95 15.3 2 8.77
[BKP2003]10841 118.123 1.580 -92.42 10.4 16.2 9 5.26
[BKP2003]10844 111.802 2.360 -91.33 10.1 15.4 1 7.63
[BKP2003]10845 118.042 1.555 -92.15 10.3 16.2 3 1.33
[BKP2003]10848 111.891 2.094 -93.47 10.4 15.7 4 17.5
[BKP2003]10849 110.544 2.413 -92.15 10.2 15.4 2 7.49
[BKP2003]10850 111.763 2.248 -93.47 10.4 15.7 2 2.31
[BKP2003]10851 124.288 1.564 -95.11 11.6 17.8 3 6.64
[BKP2003]10852 124.211 2.121 -94.41 11.5 17.7 1 28.8
[BKP2003]10853 107.690 2.133 -93.80 10.5 15.4 1 3.08
[BKP2003]10855 109.311 2.585 -94.17 10.5 15.6 1 17.1
[BKP2003]10857 117.765 1.117 -95.57 11.0 16.7 4 7.61
[BKP2003]10858 123.138 1.493 -95.10 11.4 17.6 1 4.55
[BKP2003]10859 122.602 1.648 -95.51 11.4 17.5 2 3.69
[BKP2003]10861 122.554 1.738 -96.22 11.6 17.7 2 16.6
[BKP2003]10862 128.017 1.972 -95.70 12.5 19.0 1 11.0
[BKP2003]10863 114.273 2.018 -95.10 10.7 16.2 1 9.53
[BKP2003]10864 118.022 1.540 -96.26 11.1 16.9 5 3.96
[BKP2003]10866 117.800 1.590 -96.39 11.1 16.8 1 13.4
[BKP2003]10867 125.255 2.043 -95.78 11.9 18.2 1 14.4
[BKP2003]10870 109.648 2.704 -99.04 11.4 16.3 1 91.6
[BKP2003]10871 109.787 2.714 -99.22 11.4 16.3 9 6.05
[BKP2003]10872 114.341 0.787 -101.21 11.8 17.2 8 4.72
[BKP2003]10873 114.213 0.847 -101.94 12.0 17.3 1 23.9
[BKP2003]10874 127.876 2.190 -99.73 13.6 20.0 1 15.9
[BKP2003]10875 127.981 2.406 -99.57 13.6 20.0 3 1.88
[BKP2003]10876 116.320 2.410 -99.66 11.7 17.2 1 8.44
[BKP2003]10877 131.156 1.389 -101.06 15.3 21.8 3 1.27 Digel Cloud 1b
[BKP2003]10878 109.284 2.076 -101.29 11.7 16.6 3 3.70
[BKP2003]10883 123.483 1.489 -101.94 13.1 19.1 2 3.01
[BKP2003]10885 137.757 -0.971 -103.54 21.5 28.3 4 8.11 Digel Cloud 2N
[BKP2003]10886 137.770 -1.067 -102.68 20.9 27.8 7 2.38 Digel Cloud 2S
[BKP2003]10888 122.386 1.769 -102.51 13.0 19.0 1 15.3
[BKP2003]10890 123.363 1.653 -103.28 13.4 19.4 2 11.7
[BKP2003]10892 121.806 3.058 -103.97 13.3 19.2 4 15.5
[BKP2003]10895 122.771 2.526 -107.35 14.4 20.3 4 3.76
[BKP2003]10896 117.585 3.962 -106.26 13.2 18.7 2 5.81
[BKP2003]10897 118.153 3.424 -106.99 13.5 19.0 1 6.82
[BKP2003]10898 116.727 3.542 -107.28 13.4 18.8 2 4.15
aName of the 12 molecular clouds, which were used as molecular clouds with associated sample star-forming regions (Table 2, Figures 2 and 5).
The CO peak of Digel Cloud 1a was not detected from the FCRAO CO survey of the outer Galaxy.
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Table A2. New Candidate Star-forming Regions
Molecular Cloud AllWISE Coordinate 3.4 µm σ3.4 4.6 µm σ4.6 12 µm σ12 22 µm σ22
Sourcea l (deg) b (deg) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
[BKP2003]8672 J031418.89+610923.1 139.312 2.914 14.247 0.028 12.973 0.029 10.343 0.082 7.576 0.161
J031423.41+610435.3 139.361 2.850 13.967 0.030 13.165 0.029 10.388 0.076 7.811 0.166
J031428.58+610937.6 139.327 2.927 15.809 0.054 15.303 0.091 11.113 0.149 8.391 null
J031511.68+610614.5 139.430 2.925 16.654 0.088 14.935 0.068 11.607 0.194 8.579 null
[BKP2003]8674 J031351.58+610238.0 139.324 2.789 12.832 0.024 11.965 0.023 9.549 0.058 6.803 0.083
J031407.57+605939.0 139.377 2.763 14.185 0.028 12.837 0.026 10.373 0.080 8.443 0.288
J031415.70+605652.0 139.415 2.732 14.321 0.030 13.754 0.037 10.811 0.093 8.128 0.237
J031416.94+605737.4 139.411 2.744 14.737 0.039 13.455 0.034 10.667 0.087 7.642 0.154
[BKP2003]8713 J024148.88+600531.8 136.285 0.114 13.783 0.028 12.471 0.025 9.423 0.042 6.285 0.050
J024149.86+600520.1 136.289 0.112 13.269 0.026 12.697 0.028 8.635 0.027 6.373 0.052
J024151.87+600458.0 136.295 0.108 12.460 0.024 11.437 0.021 9.097 0.031 6.929 0.080
J024206.60+600741.8 136.304 0.162 13.787 0.035 13.120 0.032 10.883 0.106 8.180 0.252
J024214.69+600618.9 136.329 0.148 14.201 0.030 13.618 0.039 9.831 0.050 6.692 0.086
J024215.38+600726.3 136.322 0.165 14.474 0.034 13.279 0.031 11.164 0.185 8.464 0.374
J024224.76+600719.8 136.341 0.172 12.763 0.024 12.211 0.024 7.096 0.016 5.898 0.054
J024233.95+600644.4 136.362 0.171 13.362 0.027 10.989 0.021 8.482 0.029 5.368 0.035
J024244.50+600334.7 136.404 0.132 13.809 0.033 11.573 0.022 9.335 0.055 5.814 0.059
J024245.41+600617.4 136.387 0.174 14.094 0.027 13.374 0.032 10.767 0.101 8.487 0.375
J024248.56+600602.9 136.395 0.173 15.617 0.049 13.705 0.037 10.612 0.116 8.096 0.234
J024257.66+600352.9 136.427 0.148 12.696 0.023 11.065 0.021 7.904 0.022 4.759 0.027
J024356.74+595303.8 136.614 0.036 16.119 0.072 13.984 0.038 11.053 0.115 8.498 0.280
J024406.56+595224.4 136.637 0.034 13.366 0.026 12.274 0.024 9.266 0.035 6.625 0.066
J024424.24+594831.8 136.698 -0.009 12.707 0.024 11.677 0.022 9.552 0.045 6.953 0.122
[BKP2003]8715 J024154.89+601947.9 136.199 0.335 16.316 0.122 15.134 0.085 10.967 0.197 8.345 0.300
[BKP2003]8911 J031525.27+614509.2 139.113 3.491 11.611 0.022 11.057 0.021 7.462 0.016 5.564 0.037
J031537.05+614824.8 139.104 3.550 14.751 0.033 13.737 0.035 10.727 0.094 8.337 0.258
J031606.42+614821.1 139.154 3.579 12.461 0.024 10.337 0.020 8.324 0.022 4.782 0.029
J031607.35+614813.4 139.157 3.578 13.700 0.037 12.732 0.045 10.271 0.087 7.977 0.314
J031619.81+614806.1 139.179 3.590 13.940 0.026 12.719 0.025 10.153 0.064 7.419 0.118
[BKP2003]8918 J033619.70+611402.6 141.479 4.449 16.035 0.055 15.248 0.069 11.374 0.125 8.717 null
J033622.69+611745.7 141.447 4.503 12.052 0.024 11.239 0.021 8.453 0.023 5.264 0.031
[BKP2003]9254 J024618.86+601406.1 136.733 0.478 12.486 0.025 11.889 0.026 8.469 0.056 5.360 0.058
J024619.44+601304.2 136.742 0.463 10.711 0.033 9.930 0.025 4.850 0.014 2.276 0.021
J024620.08+601322.3 136.741 0.468 10.861 0.021 9.668 0.018 6.491 0.015 3.670 0.018
J024625.68+601325.6 136.751 0.474 10.313 0.024 8.781 0.020 6.061 0.022 3.362 0.030
J024630.16+601320.3 136.760 0.477 14.229 0.052 13.661 0.048 8.769 0.109 6.829 0.150
J024633.65+600859.0 136.798 0.414 11.537 0.020 11.024 0.023 8.321 0.044 4.521 0.042
J024641.41+600832.1 136.815 0.415 13.073 0.033 12.051 0.026 9.582 0.064 6.803 0.121
J024643.05+601021.4 136.805 0.443 13.958 0.054 13.011 0.042 9.525 0.100 6.867 0.196
J024647.57+601001.5 136.816 0.442 14.003 0.039 12.995 0.034 10.447 0.125 5.606 0.060
J024701.43+600841.3 136.852 0.435 15.964 0.105 15.304 0.104 9.557 0.052 7.175 0.101
J024705.85+601011.1 136.849 0.461 13.846 0.050 12.564 0.033 9.387 0.049 7.216 0.111
[BKP2003]9255 J024628.87+595938.8 136.855 0.270 15.140 0.053 14.514 0.076 11.040 0.166 8.502 null
J024629.55+595942.0 136.856 0.271 14.325 0.034 13.662 0.043 10.762 0.131 8.179 0.376
J024634.58+595919.6 136.868 0.270 14.563 0.035 13.845 0.041 11.339 0.183 8.934 null
[BKP2003]9256 J024623.83+600553.1 136.801 0.359 9.777 0.022 8.748 0.019 6.426 0.015 4.145 0.021
J024624.05+600606.5 136.800 0.363 12.469 0.035 11.904 0.027 8.186 0.030 5.052 0.041
J024635.49+600422.1 136.834 0.347 14.135 0.029 12.901 0.027 10.160 0.088 7.460 0.170
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Table A2 (continued)
Molecular Cloud AllWISE Coordinate 3.4 µm σ3.4 4.6 µm σ4.6 12 µm σ12 22 µm σ22
Sourcea l (deg) b (deg) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
[BKP2003]9257 J024642.84+595312.1 136.928 0.185 14.384 0.051 13.178 0.032 10.073 0.062 7.243 0.110
J024644.63+595246.9 136.934 0.180 15.985 0.073 15.214 0.081 10.701 0.088 7.647 0.154
J024645.28+595339.4 136.929 0.194 12.919 0.024 12.156 0.023 9.538 0.040 7.204 0.126
J024709.02+595336.3 136.974 0.215 13.203 0.023 12.127 0.022 9.617 0.049 7.327 0.103
[BKP2003]9258 J024602.76+594955.3 136.875 0.100 14.764 0.037 14.044 0.046 11.243 0.191 8.758 null
J024607.52+594933.0 136.887 0.098 14.722 0.035 13.747 0.037 11.257 0.157 8.125 null
J024610.47+595014.5 136.888 0.111 14.083 0.095 12.712 0.030 9.791 0.060 5.576 0.037
J024616.84+595111.1 136.893 0.131 14.773 0.034 13.582 0.032 10.975 0.119 8.791 0.456
J024620.83+594156.4 136.966 -0.004 15.329 0.045 14.534 0.053 10.074 0.059 7.812 0.177
[BKP2003]9303 J031914.50+602451.1 140.215 2.601 15.913 0.060 15.218 0.083 9.300 0.044 6.914 0.073
[BKP2003]9377 J032043.35+585933.4 141.138 1.503 9.984 0.025 8.453 0.021 4.552 0.013 1.507 0.011
J032046.47+585945.6 141.142 1.509 14.528 0.034 12.936 0.028 9.811 0.048 4.528 0.033
J032050.06+585554.5 141.183 1.459 13.769 0.026 13.055 0.027 10.485 0.078 7.449 0.149
[BKP2003]9429 J024514.57+600557.7 136.671 0.299 14.400 0.032 13.154 0.030 10.574 0.098 7.798 0.154
J024516.54+600614.2 136.672 0.305 14.440 0.040 13.507 0.036 10.890 0.134 8.614 0.333
J024517.15+600712.4 136.667 0.320 14.291 0.031 13.328 0.032 9.952 0.059 7.402 0.121
J024517.78+600619.1 136.674 0.307 13.395 0.028 12.668 0.026 10.160 0.073 7.243 0.103
[BKP2003]9430 J024524.83+601026.8 136.658 0.376 14.662 0.031 13.004 0.027 10.416 0.075 8.832 0.505
J024527.29+601149.6 136.653 0.399 16.510 0.089 15.989 0.154 10.838 0.114 8.040 0.213
J024531.87+600947.8 136.676 0.372 15.576 0.057 14.449 0.059 11.596 0.196 5.875 0.046
J024537.25+600837.4 136.694 0.359 16.773 0.122 15.866 0.153 11.462 0.212 8.692 0.423
J024548.14+600824.0 136.716 0.365 15.321 0.054 14.360 0.051 10.676 0.102 8.171 0.193
[BKP2003]9486 J031216.83+615617.8 138.699 3.458 14.944 0.037 14.057 0.038 11.483 0.165 8.179 null
[BKP2003]9518 J024643.53+602348.2 136.710 0.646 16.377 0.158 15.391 0.106 10.071 0.068 7.517 0.145
[BKP2003]9526 J025217.13+603753.5 137.222 1.157 13.379 0.033 12.848 0.036 10.655 0.140 8.665 null
J025218.31+603355.6 137.254 1.099 12.794 0.025 12.276 0.026 8.755 0.032 6.011 0.048
[BKP2003]9540 J024303.53+614907.2 135.707 1.748 10.910 0.023 9.900 0.019 5.969 0.014 4.087 0.020
J024315.87+615005.2 135.723 1.772 14.567 0.031 13.652 0.032 10.439 0.078 8.534 0.298
[BKP2003]9567 J030927.42+620316.8 138.354 3.389 14.325 0.030 13.097 0.028 9.161 0.036 6.719 0.063
[BKP2003]9571 J031311.01+615852.4 138.768 3.549 14.050 0.028 13.233 0.029 10.567 0.074 7.914 0.204
[BKP2003]9572 J031433.22+615816.6 138.911 3.624 16.308 0.073 15.588 0.105 11.311 0.135 8.884 null
J031502.42+615408.5 138.996 3.595 14.813 0.033 14.055 0.037 10.935 0.099 8.242 0.257
J031527.99+615211.6 139.056 3.594 14.219 0.028 13.462 0.033 10.869 0.111 7.423 0.125
[BKP2003]9583 J025122.95+590629.7 137.801 -0.256 13.994 0.030 13.120 0.030 10.480 0.079 8.835 0.457
[BKP2003]9593 J023806.81+601514.5 135.799 0.075 16.214 0.067 15.604 0.112 10.795 0.119 8.154 null
J023817.04+601640.0 135.809 0.105 15.180 0.047 14.665 0.063 10.917 0.161 8.313 null
[BKP2003]9596 J024735.40+594927.3 137.054 0.176 13.252 0.025 12.472 0.024 9.618 0.051 8.018 0.244
[BKP2003]9600 J023736.17+603506.2 135.609 0.353 15.224 0.044 14.681 0.058 10.904 0.213 7.364 0.122
J023739.51+603450.0 135.617 0.352 9.545 0.023 8.588 0.020 6.190 0.016 3.923 0.026
[BKP2003]9607 J031638.41+581849.1 141.051 0.645 14.907 0.036 13.770 0.037 10.988 0.157 8.760 null
[BKP2003]9608 J024114.28+604125.6 135.974 0.630 13.478 0.025 12.937 0.028 10.229 0.097 8.434 0.251
J024117.76+604053.3 135.985 0.624 16.174 0.081 15.644 0.124 10.748 0.133 8.528 null
[BKP2003]9756 J030210.17+585433.5 139.123 0.210 13.414 0.025 12.718 0.025 10.243 0.062 8.583 0.322
J030219.48+585204.4 139.161 0.183 14.187 0.030 13.578 0.031 10.570 0.100 7.612 0.175
[BKP2003]9760 J025016.37+595139.0 137.341 0.356 15.553 0.133 14.866 0.093 9.400 0.178 7.414 0.251
J025018.01+595134.3 137.345 0.356 15.120 0.134 14.560 0.082 9.497 0.154 7.735 0.246
[BKP2003]9761 J023120.85+605715.2 134.762 0.398 13.514 0.025 11.398 0.022 8.423 0.027 5.704 0.036
[BKP2003]9764 J024924.05+600341.6 137.155 0.488 8.961 0.022 8.236 0.020 4.993 0.015 3.183 0.022
[BKP2003]9779 J025243.81+603302.5 137.307 1.110 15.203 0.055 14.465 0.059 10.345 0.116 7.138 0.147
[BKP2003]9791 J030336.77+602055.1 138.588 1.558 15.035 0.050 11.792 0.023 9.228 0.117 5.419 0.078
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Table A2 (continued)
Molecular Cloud AllWISE Coordinate 3.4 µm σ3.4 4.6 µm σ4.6 12 µm σ12 22 µm σ22
Sourcea l (deg) b (deg) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
J030350.14+602013.2 138.618 1.562 9.211 0.023 7.760 0.020 4.075 0.014 1.167 0.011
[BKP2003]9792 J030258.27+601920.8 138.531 1.497 11.484 0.024 10.787 0.021 7.898 0.061 6.088 0.113
J030311.26+602007.6 138.548 1.521 12.065 0.024 11.302 0.024 7.219 0.023 5.658 0.041
[BKP2003]9833 J025038.03+595516.5 137.355 0.430 14.859 0.034 14.309 0.044 8.998 0.035 6.030 0.061
[BKP2003]9836 J021653.60+614918.2 132.838 0.605 15.025 0.119 14.184 0.054 9.940 0.115 6.980 0.139
[BKP2003]9838 J024427.51+604136.2 136.332 0.796 14.218 0.088 12.995 0.070 8.704 0.060 5.711 0.099
J024440.19+604230.6 136.349 0.821 10.755 0.025 10.139 0.021 4.591 0.016 1.142 0.017
[BKP2003]9910 J022006.20+611258.1 133.399 0.159 14.064 0.045 13.052 0.042 9.630 0.094 6.799 0.127
J022011.50+611114.9 133.419 0.136 14.728 0.213 14.214 0.118 8.573 0.187 5.817 0.269
J022016.80+611320.6 133.417 0.172 15.734 0.081 15.075 0.115 9.377 0.064 6.910 0.099
[BKP2003]9911 J024735.40+594927.3 137.054 0.176 13.252 0.025 12.472 0.024 9.618 0.051 8.018 0.244
J024754.33+595033.4 137.082 0.210 15.416 0.041 13.920 0.039 10.672 0.093 8.827 0.388
[BKP2003]9914 J020223.40+620245.3 131.143 0.311 11.472 0.023 10.891 0.021 5.935 0.014 3.726 0.020
J020236.09+620513.8 131.156 0.357 17.110 0.118 15.782 0.115 11.072 0.142 7.114 0.103
J020238.68+620543.8 131.158 0.367 15.452 0.070 14.775 0.071 11.362 0.184 8.130 0.233
J020239.51+620525.3 131.161 0.362 14.789 0.033 13.923 0.038 11.324 0.173 8.290 0.282
[BKP2003]9922 J024510.24+604956.4 136.352 0.959 10.572 0.023 9.502 0.021 5.327 0.017 0.425 0.008
J024510.79+604937.1 136.355 0.955 9.941 0.024 7.435 0.020 3.379 0.014 -0.009 0.015
J024512.35+604951.0 136.356 0.959 9.945 0.163 9.368 0.099 5.615 0.082 2.540 0.030
J024514.20+605059.1 136.352 0.978 11.808 0.025 10.998 0.022 7.252 0.033 4.747 0.035
J024514.44+605050.7 136.353 0.976 11.918 0.027 11.315 0.026 6.741 0.027 4.667 0.039
J024527.40+605513.5 136.346 1.054 14.674 0.136 14.052 0.129 8.558 0.212 6.046 0.172
J024545.93+605141.7 136.405 1.016 14.924 0.075 13.897 0.052 10.519 0.178 7.722 0.314
[BKP2003]9949 J023319.27+631717.7 134.090 2.645 15.614 0.078 15.083 0.081 10.172 0.073 7.816 0.154
[BKP2003]9993 J021739.16+624454.3 132.620 1.510 17.537 0.187 15.598 0.113 11.172 0.118 9.030 0.473
J021739.97+624427.5 132.624 1.503 16.120 0.069 15.558 0.120 11.190 0.141 8.413 null
[BKP2003]9994 J024021.06+614425.0 135.448 1.544 13.853 0.029 12.550 0.025 10.294 0.115 8.081 0.296
[BKP2003]10096 J025556.84+564804.2 139.385 -2.040 15.667 0.048 14.460 0.050 10.898 0.129 8.624 0.328
[BKP2003]10105 J024425.41+602138.4 136.468 0.493 12.515 0.026 11.014 0.021 7.932 0.026 5.252 0.035
J024438.91+602011.2 136.503 0.483 13.859 0.050 13.359 0.041 7.771 0.024 5.001 0.029
J024439.11+602031.9 136.501 0.488 11.202 0.020 10.599 0.021 7.687 0.023 4.655 0.030
J024439.23+602024.9 136.502 0.486 12.777 0.037 10.653 0.023 7.188 0.020 4.325 0.028
J024441.98+602023.6 136.508 0.488 11.061 0.029 10.270 0.022 6.943 0.026 4.475 0.033
J024444.28+602037.6 136.510 0.494 11.532 0.024 9.712 0.020 7.000 0.030 4.627 0.039
[BKP2003]10106 J020350.40+621316.1 131.258 0.526 14.592 0.046 13.692 0.040 9.870 0.073 6.377 0.060
J020352.71+621311.2 131.263 0.526 13.261 0.028 12.140 0.023 9.336 0.037 6.716 0.083
[BKP2003]10115 J021112.47+624639.0 131.911 1.305 13.612 0.026 12.846 0.028 10.666 0.130 7.791 0.165
J021117.02+624715.0 131.916 1.317 14.008 0.027 12.826 0.027 10.352 0.096 7.773 0.179
J021117.48+624108.3 131.948 1.220 16.046 0.055 14.915 0.063 11.589 0.180 8.759 0.410
J021131.17+624646.9 131.944 1.318 14.861 0.035 13.974 0.038 11.617 0.211 8.975 0.435
J021141.40+624052.3 131.992 1.230 11.664 0.023 10.560 0.020 7.901 0.021 6.147 0.046
J021148.38+624101.5 132.004 1.236 13.253 0.028 12.729 0.027 9.632 0.054 7.246 0.103
J021150.14+623936.3 132.015 1.215 10.504 0.023 9.194 0.019 5.676 0.014 3.084 0.021
[BKP2003]10120 J024217.44+613754.8 135.702 1.540 15.167 0.035 14.402 0.041 10.496 0.127 7.653 0.149
J024226.28+613638.7 135.727 1.528 12.514 0.030 11.789 0.024 9.062 0.050 5.980 0.054
[BKP2003]10123 J011546.02+642145.7 125.561 1.615 14.416 0.029 13.288 0.028 10.638 0.081 8.128 0.224
J011617.50+642156.9 125.617 1.624 13.370 0.025 11.660 0.022 8.980 0.033 4.234 0.024
J011618.03+642136.4 125.618 1.618 10.121 0.019 8.838 0.018 5.387 0.015 1.990 0.015
J011619.96+642135.5 125.622 1.618 12.062 0.028 11.411 0.030 6.526 0.020 3.464 0.019
[BKP2003]10164 J024354.55+610203.7 136.128 1.078 13.283 0.025 12.431 0.023 8.422 0.038 5.605 0.046
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Table A2 (continued)
Molecular Cloud AllWISE Coordinate 3.4 µm σ3.4 4.6 µm σ4.6 12 µm σ12 22 µm σ22
Sourcea l (deg) b (deg) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
[BKP2003]10171 J015919.64+632032.7 130.460 1.467 12.451 0.149 11.728 0.022 9.682 0.048 7.235 0.132
J020002.11+632033.1 130.537 1.488 15.668 0.053 14.427 0.050 11.523 0.191 7.474 0.129
J020003.28+632045.9 130.538 1.492 13.102 0.026 11.717 0.021 9.210 0.036 6.500 0.063
[BKP2003]10172 J021646.76+630233.3 132.430 1.755 14.410 0.033 12.806 0.026 10.255 0.066 7.884 0.223
J021706.37+625910.3 132.483 1.714 14.908 0.041 12.977 0.029 10.111 0.062 7.248 0.124
J021706.75+630031.9 132.476 1.736 14.388 0.041 13.188 0.032 10.756 0.096 7.851 0.180
J021709.27+625744.8 132.496 1.693 15.917 0.055 14.815 0.066 11.455 0.184 8.934 null
J021710.56+625845.6 132.493 1.710 14.701 0.035 13.698 0.039 11.037 0.134 8.663 null
J021711.18+625734.4 132.500 1.692 15.280 0.056 14.282 0.054 11.238 0.167 8.604 0.383
J021720.75+625647.9 132.522 1.686 12.262 0.023 11.246 0.021 8.739 0.026 6.525 0.059
J021733.90+625530.6 132.552 1.673 16.733 0.114 15.886 0.163 10.269 0.064 8.153 0.198
J021747.06+625052.0 132.601 1.608 15.673 0.063 14.907 0.072 10.484 0.082 8.452 0.322
[BKP2003]10174 J021817.28+625803.1 132.616 1.740 12.851 0.024 11.851 0.021 8.539 0.027 6.515 0.069
J021817.66+625656.1 132.623 1.723 14.138 0.030 12.789 0.026 9.974 0.080 7.592 0.159
[BKP2003]10208 J002628.82+662216.7 120.430 3.621 15.189 0.039 13.918 0.036 11.498 0.196 6.889 0.088
J002640.54+662230.5 120.450 3.623 12.878 0.025 11.375 0.021 8.695 0.027 6.025 0.054
[BKP2003]10209 J002357.49+661840.3 120.172 3.587 16.329 0.061 14.529 0.046 9.788 0.049 5.848 0.039
J002506.96+663038.5 120.308 3.773 15.567 0.046 13.597 0.032 9.228 0.035 7.806 0.207
[BKP2003]10227 J011234.42+631141.2 125.312 0.421 14.959 0.043 13.492 0.035 10.843 0.104 8.239 0.351
J011240.69+630919.1 125.327 0.382 14.802 0.043 14.022 0.047 10.763 0.124 8.319 0.290
J011245.56+630810.2 125.338 0.364 13.111 0.030 12.490 0.034 6.906 0.019 4.737 0.029
J011246.19+630810.8 125.339 0.364 12.087 0.024 11.490 0.022 6.185 0.015 4.642 0.030
J011250.40+630646.6 125.349 0.342 14.496 0.034 12.264 0.026 9.200 0.039 6.484 0.067
[BKP2003]10282 J014512.40+632718.8 128.896 1.208 13.891 0.029 13.169 0.028 10.963 0.126 8.852 0.444
[BKP2003]10295 J020634.42+634904.9 131.106 2.145 14.338 0.168 13.560 0.032 10.446 0.072 7.883 0.186
[BKP2003]10332 J011028.37+632913.4 125.054 0.694 13.734 0.028 12.087 0.023 9.401 0.040 6.781 0.083
J011028.52+632932.1 125.054 0.699 15.075 0.041 12.444 0.024 9.774 0.058 6.620 0.087
J011030.58+633215.8 125.055 0.745 13.317 0.029 12.423 0.025 9.780 0.084 7.155 0.158
J011031.20+632919.0 125.060 0.696 13.123 0.026 11.897 0.023 9.055 0.033 6.321 0.055
J011048.26+633414.0 125.085 0.780 8.961 0.023 7.325 0.019 3.756 0.015 0.692 0.021
J011049.20+633341.9 125.087 0.771 12.261 0.026 11.734 0.026 6.131 0.013 2.933 0.026
J011051.97+633340.1 125.093 0.771 11.961 0.031 11.177 0.025 6.098 0.019 3.272 0.029
J011053.09+633327.3 125.095 0.768 11.542 0.027 10.654 0.021 6.323 0.019 3.638 0.027
[BKP2003]10333 J011040.55+633827.4 125.066 0.849 15.740 0.098 14.066 0.044 10.197 0.111 7.148 0.139
J011040.76+634125.4 125.062 0.898 14.018 0.030 13.390 0.034 8.259 0.027 5.542 0.053
J011044.05+634042.7 125.069 0.887 12.855 0.027 11.769 0.025 8.267 0.026 5.599 0.039
J011044.88+633857.1 125.073 0.858 13.523 0.033 12.785 0.030 9.709 0.064 7.818 0.244
J011046.44+634027.0 125.074 0.883 14.257 0.036 13.125 0.033 8.724 0.033 6.074 0.051
J011054.17+633704.5 125.092 0.828 15.129 0.052 14.261 0.052 10.700 0.155 7.531 0.160
J011056.71+633718.7 125.097 0.832 15.455 0.058 13.242 0.033 10.285 0.102 7.035 0.094
J011059.31+633759.3 125.101 0.844 13.880 0.030 12.852 0.027 10.171 0.081 7.746 0.194
[BKP2003]10340 J020437.89+640149.3 130.841 2.288 14.819 0.037 14.017 0.041 10.957 0.119 8.601 0.372
[BKP2003]10369 J004415.62+665442.0 122.227 4.050 9.163 0.022 8.180 0.019 3.465 0.013 -0.669 0.014
J004446.81+665706.3 122.279 4.089 12.169 0.025 11.008 0.022 8.109 0.022 5.634 0.044
J004451.85+665753.3 122.287 4.101 12.780 0.024 12.015 0.023 9.002 0.030 6.321 0.056
J004504.14+665820.4 122.308 4.108 13.451 0.040 12.877 0.029 8.883 0.030 6.348 0.053
[BKP2003]10376 J005521.72+642642.8 123.355 1.577 14.167 0.028 13.636 0.032 11.520 0.197 9.114 0.542
J005538.36+642725.9 123.385 1.589 15.667 0.050 14.685 0.055 11.191 0.139 8.352 null
J005548.32+642936.7 123.402 1.626 14.929 0.051 13.605 0.035 10.967 0.122 7.840 null
[BKP2003]10406 J013419.78+625339.7 127.795 0.428 13.084 0.027 11.524 0.022 8.182 0.019 4.665 0.026
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Molecular Cloud AllWISE Coordinate 3.4 µm σ3.4 4.6 µm σ4.6 12 µm σ12 22 µm σ22
Sourcea l (deg) b (deg) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
[BKP2003]10412 J005334.06+642034.8 123.163 1.472 10.924 0.023 10.065 0.020 7.503 0.017 5.123 0.033
[BKP2003]10423 J004220.14+653654.5 121.992 2.760 14.959 0.032 13.469 0.029 10.062 0.052 6.296 0.056
J004237.30+653902.4 122.022 2.795 14.095 0.027 12.624 0.024 9.079 0.034 6.022 0.044
J004243.33+653609.1 122.031 2.746 15.820 0.047 15.306 0.082 11.469 0.211 8.642 null
J004325.61+653843.5 122.105 2.787 14.940 0.039 13.937 0.039 10.494 0.093 7.937 0.213
J004326.88+653811.7 122.107 2.778 11.594 0.023 10.109 0.020 7.626 0.018 5.631 0.042
J004329.40+653718.0 122.111 2.763 14.499 0.031 13.782 0.032 11.516 0.189 9.083 0.485
J004331.00+653742.1 122.114 2.769 12.931 0.023 11.614 0.021 9.164 0.031 6.721 0.067
[BKP2003]10424 J004015.54+654706.1 121.785 2.938 15.591 0.042 14.647 0.057 10.464 0.080 6.327 0.054
J004017.77+654648.0 121.788 2.933 12.996 0.044 11.989 0.035 9.486 0.056 6.888 0.135
J004039.56+654405.6 121.823 2.886 15.542 0.040 14.918 0.063 11.740 0.219 8.283 null
J004110.03+654548.7 121.877 2.913 10.684 0.028 10.067 0.028 7.904 0.024 6.001 0.043
J004116.78+654558.1 121.888 2.915 16.756 0.108 15.878 0.133 11.372 0.146 8.304 0.239
J004119.56+654516.6 121.893 2.903 13.767 0.026 12.648 0.025 9.397 0.035 7.013 0.104
J004126.66+654257.3 121.903 2.864 13.423 0.026 11.891 0.023 9.176 0.032 6.429 0.059
J004130.51+654601.8 121.912 2.915 14.616 0.030 13.360 0.026 10.239 0.064 7.123 0.096
J004133.58+654604.5 121.917 2.916 15.353 0.035 14.451 0.039 10.787 0.109 7.595 0.135
J004135.64+654828.3 121.922 2.955 13.958 0.029 13.129 0.029 10.684 0.094 6.770 0.080
J004135.99+654819.5 121.923 2.953 12.499 0.023 11.501 0.021 9.056 0.036 5.967 0.047
[BKP2003]10449 J030446.91+605645.3 138.422 2.150 14.108 0.030 12.692 0.025 10.058 0.081 7.193 0.109
[BKP2003]10450 J005724.58+651356.3 123.558 2.368 14.245 0.029 13.522 0.032 10.136 0.081 7.485 0.150
J005728.54+651253.5 123.565 2.351 15.560 0.038 13.907 0.036 11.117 0.162 8.205 0.282
J005729.16+651221.4 123.566 2.342 15.704 0.047 15.129 0.083 11.435 0.211 8.298 null
[BKP2003]10472 J002840.08+665034.3 120.691 4.070 13.606 0.026 12.292 0.023 8.846 0.029 5.431 0.037
J002846.26+665205.6 120.703 4.095 13.323 0.024 12.550 0.023 10.141 0.066 7.995 0.181
J002851.15+664958.5 120.708 4.059 14.811 0.034 14.120 0.036 11.268 0.196 7.873 0.190
J002851.93+664943.6 120.709 4.055 13.271 0.024 12.149 0.022 9.228 0.039 6.311 0.059
[BKP2003]10473 J002918.13+665814.4 120.764 4.192 14.275 0.040 13.522 0.036 11.088 0.139 8.229 0.269
J002950.91+665816.0 120.818 4.188 14.374 0.030 13.677 0.031 11.249 0.127 8.675 null
J003058.01+670414.6 120.935 4.278 14.956 0.094 12.468 0.026 9.004 0.029 5.775 0.041
J003125.67+670325.4 120.979 4.261 15.109 0.035 13.592 0.033 10.047 0.075 7.441 0.115
[BKP2003]10477 J003002.85+674529.3 120.903 4.971 13.841 0.025 13.239 0.029 10.861 0.100 8.355 0.258
J003019.35+674539.3 120.929 4.971 13.697 0.032 12.338 0.026 9.494 0.039 6.735 0.076
[BKP2003]10485 J024614.53+622000.4 135.828 2.372 13.440 0.029 12.480 0.026 9.954 0.053 7.625 0.145
[BKP2003]10487 J004355.64+653238.8 122.154 2.684 12.694 0.025 12.036 0.023 9.392 0.038 7.023 0.086
J004355.93+653249.2 122.154 2.687 12.340 0.025 11.464 0.023 9.144 0.033 7.492 0.126
[BKP2003]10505 J005315.66+665452.1 123.111 4.043 14.824 0.037 14.010 0.040 10.996 0.125 6.782 0.082
J005315.82+665525.1 123.111 4.053 15.231 0.036 14.647 0.052 11.474 0.186 8.004 0.222
J005316.01+665507.9 123.112 4.048 15.688 0.052 14.797 0.063 11.141 0.145 7.712 0.175
J005318.19+665509.9 123.115 4.048 15.302 0.044 14.703 0.062 10.950 0.125 7.721 0.172
[BKP2003]10508 J003431.15+670554.3 121.283 4.281 14.354 0.032 13.603 0.032 11.168 0.121 8.701 0.344
[BKP2003]10510 J002911.39+674047.4 120.815 4.900 13.395 0.025 10.975 0.019 7.654 0.016 4.352 0.020
J002919.85+674309.1 120.831 4.938 14.769 0.031 14.194 0.042 10.862 0.119 8.352 0.249
[BKP2003]10514 J021032.38+632117.7 131.664 1.832 13.650 0.028 11.819 0.023 8.936 0.030 6.356 0.059
[BKP2003]10515 J010427.65+645852.2 124.309 2.144 14.571 0.058 13.341 0.043 10.469 0.086 7.794 0.214
J010430.87+645658.7 124.316 2.113 14.700 0.086 13.679 0.085 11.190 0.211 7.904 null
J010503.04+644215.6 124.386 1.871 13.657 0.027 12.732 0.027 10.262 0.070 7.730 0.161
J010527.29+644637.8 124.425 1.946 12.915 0.025 12.097 0.024 9.594 0.038 7.490 0.120
J010531.38+644303.0 124.436 1.887 11.833 0.024 10.478 0.021 6.263 0.015 2.734 0.019
J010536.06+644548.7 124.442 1.933 13.164 0.026 11.995 0.023 9.121 0.032 6.841 0.079
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Table A2 (continued)
Molecular Cloud AllWISE Coordinate 3.4 µm σ3.4 4.6 µm σ4.6 12 µm σ12 22 µm σ22
Sourcea l (deg) b (deg) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
J010536.83+644521.7 124.443 1.926 13.801 0.029 13.021 0.029 10.682 0.085 7.807 0.168
J010539.41+644112.9 124.452 1.857 16.911 0.127 14.726 0.071 10.937 0.132 8.160 0.230
J010540.93+644028.6 124.455 1.845 14.838 0.035 14.081 0.043 10.435 0.073 7.724 0.144
[BKP2003]10516 J010617.32+644115.2 124.519 1.862 10.362 0.023 9.219 0.019 6.422 0.015 4.165 0.024
[BKP2003]10520 J002109.86+645651.3 119.732 2.264 14.531 0.036 11.860 0.023 9.266 0.040 6.142 0.050
J002113.80+645608.6 119.738 2.252 14.556 0.056 13.457 0.042 10.316 0.091 7.498 0.239
[BKP2003]10526 J004004.31+652908.0 121.752 2.640 12.927 0.032 12.402 0.031 7.485 0.019 5.727 0.039
J004005.54+652858.6 121.754 2.637 12.507 0.026 11.618 0.024 7.381 0.019 5.210 0.040
J004006.77+652852.9 121.756 2.636 12.433 0.029 11.567 0.023 8.218 0.025 5.613 0.037
J004009.97+652900.5 121.762 2.637 14.537 0.043 13.782 0.036 9.729 0.068 6.812 0.092
J004026.13+653010.6 121.791 2.656 15.898 0.055 15.329 0.079 11.404 0.168 9.032 null
[BKP2003]10528 J024216.31+625322.9 135.179 2.684 13.519 0.016 12.852 0.014 7.245 0.005 4.223 0.018
J024217.33+625324.8 135.180 2.685 13.283 0.026 12.582 0.025 6.782 0.014 3.904 0.021
J024218.97+625405.0 135.178 2.697 10.779 0.027 10.148 0.024 4.700 0.015 1.179 0.034
J024219.76+625430.3 135.177 2.704 11.636 0.016 11.042 0.014 5.957 0.006 1.138 0.004
J024219.87+625404.0 135.180 2.697 10.650 0.029 9.917 0.027 4.705 0.019 0.871 0.029
J024220.30+625447.2 135.176 2.708 13.346 0.026 12.741 0.025 7.580 0.018 3.090 0.008
J024221.73+625403.6 135.183 2.698 9.942 0.025 9.344 0.021 4.601 0.016 0.384 0.018
J024222.00+625438.4 135.180 2.707 13.455 0.019 12.914 0.026 7.249 0.015 1.960 0.006
J024224.73+625407.2 135.188 2.702 11.196 0.021 10.637 0.021 5.297 0.012 1.596 0.020
J024238.04+625430.8 135.208 2.718 12.918 0.034 12.414 0.037 7.502 0.026 4.628 0.032
J024239.14+625425.3 135.211 2.718 12.029 0.028 10.790 0.022 7.045 0.022 4.247 0.037
J024241.28+625436.3 135.213 2.722 13.539 0.027 12.843 0.030 8.172 0.040 5.197 0.042
[BKP2003]10532 J002806.28+654134.4 120.531 2.930 14.120 0.037 12.544 0.027 9.687 0.052 7.204 0.114
[BKP2003]10534 J025551.00+623133.9 136.739 3.038 13.730 0.027 12.657 0.026 9.588 0.038 9.046 0.523
[BKP2003]10550 J011215.77+640638.1 125.203 1.331 14.490 0.029 13.508 0.027 10.503 0.107 8.206 0.233
[BKP2003]10554 J002348.40+645453.7 120.007 2.200 15.909 0.061 14.077 0.039 11.622 0.209 7.961 0.175
[BKP2003]10555 J023847.73+623907.0 134.913 2.304 12.128 0.024 10.889 0.022 8.121 0.022 5.333 0.036
J023848.68+623916.7 134.913 2.308 12.815 0.025 11.506 0.022 8.344 0.023 5.119 0.033
J023848.95+623904.3 134.915 2.305 13.853 0.043 13.182 0.054 10.253 0.094 8.082 0.308
J024013.49+624827.2 134.999 2.513 15.799 0.051 14.416 0.050 11.580 0.207 8.326 null
[BKP2003]10556 J024524.99+623107.4 135.662 2.498 16.016 0.055 14.490 0.050 11.270 0.157 9.078 null
[BKP2003]10570 J005521.72+642642.8 123.355 1.577 14.167 0.028 13.636 0.032 11.520 0.197 9.114 0.542
J005538.36+642725.9 123.385 1.589 15.667 0.050 14.685 0.055 11.191 0.139 8.352 null
[BKP2003]10571 J004938.22+643041.7 122.738 1.641 13.916 0.030 13.093 0.027 10.176 0.079 7.216 0.108
[BKP2003]10572 J000822.81+642619.4 118.307 1.954 15.247 0.038 14.729 0.053 11.984 0.195 9.424 0.444
[BKP2003]10573 J000838.28+643414.0 118.356 2.080 15.598 0.038 14.763 0.048 11.991 0.198 9.136 0.375
J000847.62+643130.9 118.365 2.032 16.927 0.090 15.412 0.074 12.184 0.207 9.033 0.298
[BKP2003]10578 J024558.90+624708.0 135.607 2.767 12.086 0.023 11.316 0.021 7.805 0.021 5.131 0.036
J024607.12+624630.3 135.626 2.765 9.447 0.022 8.817 0.020 3.721 0.014 0.474 0.016
[BKP2003]10579 J025433.63+622522.9 136.654 2.878 14.648 0.034 12.381 0.023 9.650 0.045 6.623 0.074
J025441.86+622337.0 136.681 2.859 14.241 0.034 13.255 0.032 10.098 0.050 7.096 0.110
J025442.10+622350.0 136.680 2.862 13.644 0.026 12.906 0.027 10.089 0.049 7.404 0.145
[BKP2003]10580 J024714.65+625929.4 135.649 3.015 13.814 0.037 13.238 0.033 9.289 0.053 6.349 0.066
[BKP2003]10585 J235052.48+671316.9 117.105 5.037 14.584 0.038 13.422 0.030 10.225 0.058 8.289 0.186
J235121.84+671707.9 117.166 5.089 15.618 0.042 14.959 0.056 11.029 0.108 8.824 0.276
J235122.74+671447.0 117.159 5.050 16.106 0.047 14.765 0.050 10.913 0.077 8.951 0.349
J235125.05+671706.4 117.171 5.087 15.784 0.052 15.108 0.064 10.896 0.099 8.882 0.297
J235127.13+671415.4 117.164 5.040 12.968 0.025 12.017 0.022 9.590 0.038 7.531 0.119
J235127.51+672023.7 117.188 5.140 15.286 0.034 14.406 0.040 10.608 0.062 7.963 0.149
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Molecular Cloud AllWISE Coordinate 3.4 µm σ3.4 4.6 µm σ4.6 12 µm σ12 22 µm σ22
Sourcea l (deg) b (deg) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
J235134.60+671400.3 117.174 5.033 15.095 0.044 13.902 0.038 10.619 0.061 7.803 0.129
J235145.71+671541.3 117.198 5.056 13.702 0.023 12.855 0.023 10.340 0.074 7.760 0.140
[BKP2003]10586 J235340.86+671942.0 117.395 5.080 16.358 0.090 15.223 0.081 10.577 0.182 7.928 0.206
J235350.49+672128.0 117.416 5.105 15.198 0.044 13.914 0.043 10.420 0.112 7.199 0.128
J235351.56+671924.1 117.410 5.071 15.971 0.080 15.471 0.095 9.861 0.071 8.589 0.388
J235358.19+672143.9 117.430 5.107 14.271 0.038 12.964 0.030 9.030 0.064 6.074 0.068
J235359.54+672125.1 117.430 5.101 14.532 0.039 13.905 0.040 9.195 0.069 7.584 0.208
J235402.47+672037.6 117.432 5.087 15.881 0.109 15.363 0.118 9.438 0.048 7.009 0.102
[BKP2003]10587 J025746.12+594000.3 138.270 0.611 14.346 0.033 12.777 0.027 10.311 0.072 7.647 0.218
J025750.79+593951.4 138.280 0.614 14.566 0.044 13.991 0.040 9.911 0.134 7.274 0.154
J025754.44+594003.0 138.285 0.620 14.624 0.032 13.595 0.034 9.107 0.051 6.526 0.075
J025759.32+593959.7 138.295 0.624 14.369 0.055 13.657 0.048 10.572 0.144 7.320 0.205
[BKP2003]10588 J025816.30+593650.1 138.351 0.594 15.393 0.042 14.845 0.062 10.690 0.135 8.189 0.303
J025844.37+593907.3 138.385 0.655 14.295 0.031 12.972 0.028 10.111 0.079 7.382 0.148
J025848.86+593839.1 138.397 0.653 15.521 0.051 14.828 0.062 10.274 0.091 7.454 0.112
J025855.70+593645.1 138.425 0.632 16.981 0.157 16.052 0.184 10.438 0.085 7.820 0.165
J025946.14+593603.9 138.524 0.672 12.413 0.025 11.654 0.022 8.623 0.028 6.063 0.046
J025949.61+593542.5 138.533 0.670 15.635 0.048 14.855 0.067 10.299 0.065 7.912 0.164
[BKP2003]10589 J024253.79+604703.0 136.120 0.799 15.143 0.058 14.534 0.061 9.316 0.047 5.646 0.044
J024256.29+604704.5 136.125 0.801 14.615 0.038 13.912 0.040 8.934 0.038 5.817 0.064
J024259.82+604713.3 136.130 0.807 15.010 0.038 14.414 0.051 9.834 0.061 6.244 0.065
J024300.53+604720.4 136.131 0.809 15.095 0.063 14.530 0.055 9.977 0.063 6.843 0.082
J024332.92+604537.3 136.203 0.810 16.483 0.162 15.535 0.130 9.988 0.103 8.747 0.372
J024336.65+604551.4 136.208 0.817 16.550 0.172 15.844 0.153 10.065 0.149 8.579 null
J024339.81+604601.4 136.213 0.822 16.615 0.168 15.492 0.123 10.071 0.113 8.329 null
J024346.10+604637.8 136.220 0.837 15.895 0.067 15.227 0.091 10.130 0.188 8.802 0.526
J024421.32+604127.5 136.321 0.789 14.220 0.047 13.569 0.048 8.659 0.077 5.123 0.045
J024422.18+604114.4 136.324 0.786 14.434 0.089 13.479 0.139 8.852 0.093 4.591 0.036
J024422.36+604133.8 136.322 0.791 14.265 0.033 13.072 0.035 8.978 0.078 5.286 0.032
J024425.77+604143.5 136.328 0.797 14.457 0.160 13.205 0.139 9.536 0.202 6.264 0.155
J024427.51+604136.2 136.332 0.796 14.218 0.088 12.995 0.070 8.704 0.060 5.711 0.099
J024438.68+604603.1 136.321 0.873 12.806 0.034 11.636 0.026 9.280 0.068 6.596 0.100
J024440.19+604230.6 136.349 0.821 10.755 0.025 10.139 0.021 4.591 0.016 1.142 0.017
J024457.48+604225.6 136.381 0.835 12.032 0.025 10.310 0.022 7.717 0.026 4.069 0.031
J024458.20+604259.7 136.379 0.844 13.688 0.037 12.936 0.049 8.816 0.033 5.776 0.052
J024458.97+604250.7 136.381 0.842 12.726 0.026 11.505 0.026 8.368 0.029 5.431 0.049
J024459.59+604345.7 136.376 0.857 13.900 0.035 12.879 0.032 9.912 0.083 6.904 0.090
[BKP2003]10591 J011347.06+643050.2 125.334 1.747 13.560 0.026 12.331 0.024 9.828 0.048 6.618 0.065
[BKP2003]10592 J022954.28+630148.1 133.830 2.261 14.300 0.029 13.652 0.033 10.619 0.097 8.232 0.239
[BKP2003]10596 J002425.88+650454.7 120.090 2.359 11.447 0.022 10.249 0.021 7.243 0.018 3.898 0.021
J002432.57+650448.8 120.102 2.356 12.288 0.036 11.776 0.025 6.545 0.015 4.962 0.031
[BKP2003]10614 J030004.32+594238.8 138.506 0.787 14.424 0.034 13.734 0.038 10.485 0.099 8.255 0.323
J030014.44+594042.8 138.540 0.768 14.436 0.035 13.207 0.030 10.805 0.118 7.522 0.160
[BKP2003]10624 J022540.00+625921.8 133.396 2.048 14.911 0.046 13.635 0.037 9.566 0.060 6.695 0.113
J022546.04+625748.5 133.416 2.028 14.925 0.038 13.738 0.037 9.623 0.056 7.349 0.102
J022547.44+625910.2 133.411 2.050 12.937 0.027 11.537 0.021 9.162 0.060 6.157 0.049
[BKP2003]10627 J024401.92+624822.3 135.396 2.692 10.647 0.020 9.453 0.020 6.559 0.015 4.114 0.022
J024413.83+624819.4 135.417 2.701 14.631 0.030 13.561 0.033 9.915 0.052 7.187 0.091
J024416.20+624823.9 135.421 2.704 14.492 0.034 13.698 0.038 9.514 0.045 6.928 0.086
J024418.17+624815.2 135.425 2.703 13.276 0.024 12.643 0.025 9.523 0.047 6.871 0.074
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Table A2 (continued)
Molecular Cloud AllWISE Coordinate 3.4 µm σ3.4 4.6 µm σ4.6 12 µm σ12 22 µm σ22
Sourcea l (deg) b (deg) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
[BKP2003]10635 J003402.22+665059.7 121.219 4.036 13.233 0.025 12.481 0.023 10.036 0.092 8.259 0.278
J003403.83+665029.6 121.221 4.028 14.124 0.028 13.267 0.027 10.905 0.155 7.930 0.246
J003410.17+665057.2 121.232 4.035 14.147 0.030 13.588 0.033 10.800 0.143 7.935 0.175
J003411.55+664939.3 121.233 4.013 13.284 0.026 12.737 0.026 9.737 0.059 7.827 0.187
J003415.36+665120.7 121.241 4.041 15.285 0.038 13.685 0.033 10.853 0.116 7.626 0.134
[BKP2003]10636 J022430.40+611353.6 133.891 0.356 13.917 0.029 13.265 0.034 10.918 0.126 8.160 0.298
[BKP2003]10643 J024129.21+604327.8 135.988 0.673 10.677 0.022 10.159 0.020 5.148 0.015 2.779 0.018
J024148.47+604853.0 135.987 0.772 15.820 0.052 14.573 0.054 11.229 0.162 8.374 null
J024156.78+605113.4 135.986 0.814 15.289 0.051 14.023 0.044 10.714 0.134 8.412 0.336
J024202.34+605240.4 135.986 0.841 15.990 0.094 15.428 0.107 10.233 0.116 8.264 0.279
J024202.89+605232.2 135.988 0.839 16.101 0.105 15.390 0.110 10.490 0.143 8.193 0.263
J024204.42+605202.2 135.995 0.833 16.339 0.191 15.470 0.115 9.944 0.117 8.167 0.250
J024209.73+605240.4 136.000 0.847 16.587 0.111 16.026 0.159 10.082 0.079 7.813 0.232
[BKP2003]10644 J233046.29+621944.5 113.718 0.909 11.491 0.022 10.491 0.019 8.125 0.022 6.426 0.044
[BKP2003]10645 J233009.24+621831.9 113.644 0.912 13.603 0.027 12.741 0.026 10.301 0.068 8.094 0.143
[BKP2003]10649 J024836.92+620541.7 136.180 2.276 14.056 0.029 13.335 0.032 10.867 0.175 7.561 0.140
[BKP2003]10650 J231310.32+630839.3 112.097 2.358 14.345 0.044 13.818 0.036 9.966 0.064 7.314 0.085
J231317.89+631031.3 112.122 2.382 15.272 0.045 13.746 0.035 10.673 0.064 6.822 0.056
J231325.63+631225.3 112.147 2.406 16.025 0.140 14.636 0.054 9.339 0.032 5.266 0.033
[BKP2003]10651 J231447.54+633106.9 112.404 2.640 12.158 0.023 11.269 0.021 8.593 0.029 6.670 0.059
[BKP2003]10652 J023010.65+631333.4 133.786 2.454 12.162 0.021 10.731 0.020 7.774 0.017 5.279 0.031
[BKP2003]10653 J230911.95+632606.0 111.793 2.796 14.869 0.038 14.202 0.041 10.444 0.076 8.929 null
J230939.51+632622.5 111.843 2.781 13.872 0.028 13.279 0.029 10.804 0.125 8.313 0.185
J230943.12+633505.5 111.905 2.912 15.499 0.043 14.900 0.058 10.995 0.141 9.202 0.410
J230950.90+632622.5 111.862 2.773 13.095 0.027 11.856 0.021 9.784 0.055 6.958 0.063
J231004.96+633137.3 111.920 2.843 13.516 0.027 12.371 0.025 9.476 0.038 6.761 0.075
J231004.97+633129.2 111.919 2.841 15.128 0.051 14.069 0.054 10.694 0.091 7.788 0.170
J231005.78+633115.7 111.919 2.837 14.584 0.052 13.926 0.052 10.883 0.118 7.703 0.169
J231005.79+632941.0 111.909 2.813 13.575 0.030 12.890 0.030 10.816 0.090 9.001 0.481
J231026.19+633339.2 111.969 2.860 13.461 0.024 11.952 0.022 9.392 0.038 6.474 0.046
J231029.83+633357.8 111.978 2.862 15.387 0.131 14.302 0.050 9.456 0.035 5.879 0.038
J231032.29+633346.7 111.981 2.857 14.813 0.066 12.792 0.027 10.500 0.066 7.465 0.090
J231040.27+633408.6 111.997 2.857 15.153 0.035 13.513 0.031 10.110 0.053 7.126 0.093
J231040.77+633410.8 111.998 2.858 15.250 0.038 14.334 0.039 10.866 0.095 7.329 0.093
[BKP2003]10656 J021408.57+630916.9 132.111 1.767 16.360 0.066 14.953 0.065 11.452 0.156 8.306 0.266
[BKP2003]10658 J225005.10+630959.5 109.728 3.449 15.069 0.034 14.118 0.034 11.659 0.139 9.166 0.383
[BKP2003]10661 J223912.07+641532.0 109.174 4.979 8.937 0.023 7.732 0.021 5.379 0.014 3.585 0.018
J223925.93+641230.8 109.172 4.922 13.344 0.027 11.847 0.021 8.891 0.019 5.736 0.028
J223936.08+641504.2 109.209 4.951 12.977 0.032 12.057 0.022 8.820 0.021 6.295 0.034
J223937.52+641205.6 109.187 4.906 16.297 0.107 15.495 0.075 10.076 0.033 7.877 0.088
[BKP2003]10664 J030026.65+594102.2 138.560 0.785 13.318 0.026 12.596 0.025 10.029 0.062 7.601 0.132
J030028.59+594105.4 138.563 0.788 15.535 0.071 14.641 0.064 11.525 0.208 8.403 0.282
[BKP2003]10666 J023000.73+620519.1 134.191 1.391 14.940 0.064 14.327 0.062 9.651 0.074 7.552 0.170
[BKP2003]10667 J010250.59+644641.9 124.147 1.934 13.750 0.035 12.112 0.030 8.640 0.033 5.735 0.054
J010250.74+644647.0 124.147 1.935 14.598 0.058 13.563 0.076 10.527 0.144 8.116 0.428
J010257.02+644659.5 124.158 1.939 12.391 0.024 11.143 0.021 8.722 0.028 6.528 0.057
[BKP2003]10670 J231513.49+630240.4 112.277 2.181 15.304 0.047 14.588 0.055 10.638 0.088 7.979 0.197
J231515.34+630504.7 112.295 2.217 14.519 0.038 13.867 0.038 9.939 0.101 8.631 0.330
[BKP2003]10674 J003926.45+660905.0 121.718 3.308 16.506 0.081 14.110 0.044 10.991 0.102 7.422 0.133
J003927.19+660857.3 121.719 3.306 15.480 0.044 13.410 0.032 11.153 0.116 6.683 0.073
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Table A2 (continued)
Molecular Cloud AllWISE Coordinate 3.4 µm σ3.4 4.6 µm σ4.6 12 µm σ12 22 µm σ22
Sourcea l (deg) b (deg) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
J003944.68+660837.3 121.748 3.299 13.546 0.026 12.419 0.024 9.409 0.036 6.745 0.079
J003947.29+660847.8 121.753 3.302 13.038 0.023 12.226 0.021 9.589 0.042 7.233 0.109
J003949.47+660917.4 121.757 3.310 13.343 0.024 12.716 0.024 9.639 0.044 6.598 0.065
[BKP2003]10681 J020433.24+624716.4 131.180 1.093 12.877 0.030 12.145 0.023 9.470 0.045 7.213 0.104
J020449.13+625035.5 131.193 1.154 14.496 0.039 13.672 0.038 9.860 0.052 7.927 0.194
J020506.52+624935.9 131.230 1.148 11.943 0.023 11.135 0.021 7.936 0.019 6.472 0.069
[BKP2003]10683 J020703.03+624612.0 131.458 1.157 15.655 0.046 14.124 0.041 10.556 0.080 7.617 0.135
[BKP2003]10684 J021049.90+624910.4 131.857 1.332 9.774 0.020 8.923 0.015 4.537 0.014 1.098 0.013
[BKP2003]10685 J005756.19+644822.7 123.624 1.943 13.469 0.036 12.881 0.035 9.083 0.041 7.633 0.173
[BKP2003]10686 J010637.34+645441.8 124.542 2.087 14.426 0.033 13.307 0.032 10.559 0.200 7.638 0.149
[BKP2003]10687 J010610.87+650044.9 124.489 2.185 13.178 0.025 12.515 0.025 9.345 0.036 7.105 0.091
J010611.18+650009.2 124.490 2.176 15.495 0.057 14.916 0.075 11.604 0.207 8.291 null
[BKP2003]10688 J022107.24+632112.4 132.788 2.211 14.111 0.031 13.330 0.031 10.844 0.116 8.086 0.268
[BKP2003]10692 J221349.85+595429.4 104.351 2.850 12.090 0.026 11.509 0.023 8.919 0.049 7.684 0.293
J221354.93+595300.1 104.345 2.824 9.104 0.021 8.057 0.019 4.708 0.013 2.533 0.018
J221355.31+595445.6 104.362 2.847 14.870 0.077 14.042 0.048 8.857 0.042 6.485 0.078
J221358.29+595723.3 104.392 2.880 12.526 0.025 11.878 0.024 6.524 0.016 4.852 0.034
J221401.25+595205.6 104.348 2.804 10.271 0.023 9.415 0.020 6.327 0.017 4.583 0.026
J221401.91+595650.0 104.393 2.868 13.730 0.041 12.802 0.033 9.528 0.049 6.932 0.108
J221402.80+595333.0 104.364 2.822 15.215 0.054 14.335 0.057 10.504 0.200 5.806 0.049
J221402.85+595142.2 104.347 2.796 14.036 0.043 13.422 0.042 9.519 0.053 6.555 0.096
J221403.92+595341.7 104.367 2.823 13.230 0.062 11.196 0.049 8.602 0.079 5.634 0.106
J221403.94+595348.3 104.368 2.824 11.084 0.023 9.485 0.020 6.409 0.018 3.792 0.026
J221410.52+594911.7 104.336 2.753 7.879 0.024 6.733 0.020 3.730 0.015 1.217 0.015
J221412.04+600319.0 104.472 2.945 14.038 0.041 13.091 0.033 10.287 0.068 7.404 0.114
J221415.49+595334.4 104.386 2.807 11.903 0.024 11.127 0.019 8.717 0.033 6.301 0.053
[BKP2003]10696 J024129.21+604327.8 135.988 0.673 10.677 0.022 10.159 0.020 5.148 0.015 2.779 0.018
[BKP2003]10700 J020057.89+631539.8 130.659 1.437 13.433 0.030 12.354 0.027 9.018 0.032 5.812 0.052
J020133.26+631420.4 130.729 1.434 14.986 0.174 14.277 0.044 11.162 0.141 8.735 0.380
[BKP2003]10701 J021347.71+625426.9 132.151 1.519 14.447 0.033 13.899 0.039 10.878 0.111 8.553 0.423
[BKP2003]10703 J012338.00+645249.8 126.342 2.222 13.076 0.026 11.952 0.022 9.556 0.041 7.132 0.128
J012347.52+645748.9 126.348 2.307 14.727 0.033 13.674 0.033 11.463 0.176 7.284 0.107
J012352.23+645459.2 126.363 2.261 14.158 0.029 13.580 0.035 10.509 0.104 8.358 0.325
J012356.46+645157.4 126.376 2.212 14.678 0.036 13.368 0.033 10.668 0.092 8.471 0.411
J012359.17+645635.5 126.371 2.289 13.909 0.028 13.347 0.033 10.611 0.107 8.142 0.253
[BKP2003]10705 J010721.57+650410.5 124.610 2.250 11.570 0.023 10.277 0.021 7.745 0.019 5.497 0.040
[BKP2003]10707 J024401.92+624822.3 135.396 2.692 10.647 0.020 9.453 0.020 6.559 0.015 4.114 0.022
[BKP2003]10708 J225340.98+623331.4 109.826 2.722 11.295 0.023 10.469 0.020 8.137 0.024 6.333 0.053
J225342.66+623641.2 109.852 2.768 12.184 0.023 11.109 0.021 8.298 0.029 6.033 0.059
J225345.45+623604.7 109.852 2.757 11.608 0.023 10.778 0.020 8.684 0.026 6.315 0.073
J225347.49+623220.5 109.828 2.699 12.509 0.024 11.801 0.020 9.464 0.074 7.257 0.095
J225348.73+623602.1 109.858 2.753 9.464 0.028 8.816 0.020 6.763 0.015 4.936 0.030
J225349.09+623344.4 109.841 2.719 12.275 0.024 11.472 0.021 9.112 0.031 7.000 0.083
J225349.72+623519.5 109.854 2.742 9.259 0.017 8.560 0.014 5.961 0.012 3.782 0.027
J225350.10+623502.3 109.853 2.737 10.466 0.026 9.866 0.021 7.359 0.018 4.266 0.027
J225351.06+623518.3 109.856 2.741 9.748 0.026 8.999 0.021 6.348 0.014 3.858 0.026
J225352.49+623531.7 109.860 2.743 10.862 0.023 10.242 0.020 8.070 0.022 5.173 0.035
J225355.45+623714.1 109.878 2.766 11.781 0.024 11.188 0.022 9.139 0.038 7.939 0.168
J225356.41+623441.9 109.861 2.727 11.040 0.023 10.074 0.019 7.483 0.024 4.897 0.037
J225358.39+623348.4 109.858 2.712 12.874 0.038 12.336 0.022 7.887 0.026 5.943 0.052
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Table A2 (continued)
Molecular Cloud AllWISE Coordinate 3.4 µm σ3.4 4.6 µm σ4.6 12 µm σ12 22 µm σ22
Sourcea l (deg) b (deg) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
J225359.28+623320.5 109.856 2.704 13.352 0.031 12.852 0.031 10.291 0.088 8.056 null
J225403.41+623254.8 109.860 2.694 12.863 0.025 12.329 0.025 9.709 0.049 7.199 0.087
J225405.54+623534.3 109.883 2.732 9.602 0.020 8.928 0.019 6.634 0.015 4.655 0.028
J225407.89+623558.4 109.890 2.736 11.887 0.024 11.309 0.022 9.226 0.034 6.852 0.071
J225415.94+623343.6 109.888 2.696 12.720 0.023 12.011 0.021 9.654 0.036 8.363 0.212
[BKP2003]10709 J225251.20+624105.0 109.795 2.877 11.764 0.023 11.017 0.020 8.473 0.021 6.631 0.046
J225301.41+623951.5 109.804 2.850 14.567 0.031 13.675 0.030 10.846 0.074 8.467 0.171
J225313.15+623855.7 109.817 2.827 13.838 0.036 11.867 0.023 8.754 0.027 6.146 0.039
J225327.71+623805.9 109.836 2.802 13.256 0.026 12.288 0.024 10.172 0.059 8.990 0.310
J225336.56+623649.0 109.842 2.775 8.309 0.029 7.533 0.022 5.432 0.016 3.919 0.028
J225337.59+623803.0 109.853 2.793 11.867 0.026 11.076 0.022 8.731 0.032 6.439 0.095
J225340.12+623910.1 109.866 2.808 11.217 0.023 10.322 0.020 7.705 0.019 5.642 0.037
J225352.17+623746.3 109.876 2.777 11.406 0.022 10.693 0.019 8.013 0.024 5.764 0.082
J225409.06+624117.4 109.931 2.815 11.809 0.023 11.218 0.021 9.144 0.030 6.854 0.077
J225422.60+623845.6 109.936 2.766 13.808 0.029 12.793 0.026 10.274 0.065 7.776 0.139
J225425.29+623931.0 109.946 2.775 11.863 0.022 10.194 0.020 7.379 0.021 4.833 0.026
J225426.08+623805.6 109.937 2.753 15.291 0.036 14.673 0.049 10.676 0.099 8.170 0.311
J225429.33+624427.9 109.989 2.846 16.173 0.076 15.108 0.067 10.817 0.083 7.957 0.131
J225433.48+624324.4 109.988 2.827 13.582 0.026 12.535 0.025 9.820 0.052 6.487 0.050
J225434.09+624053.6 109.971 2.788 13.769 0.028 12.936 0.026 10.889 0.141 8.249 0.351
J225435.64+624324.6 109.992 2.825 13.590 0.026 12.548 0.025 9.964 0.044 6.868 0.062
J225436.12+624304.6 109.990 2.819 10.559 0.022 9.863 0.019 7.731 0.018 5.716 0.036
J225446.12+623840.8 109.976 2.745 14.170 0.027 13.650 0.032 9.332 0.062 7.398 0.168
J225447.28+623843.6 109.978 2.745 15.125 0.038 13.707 0.033 10.380 0.148 7.254 0.152
J225448.00+623855.2 109.981 2.747 14.669 0.037 13.640 0.035 10.137 0.117 6.825 0.083
J225450.35+623821.1 109.981 2.737 11.032 0.022 10.383 0.020 8.113 0.021 5.863 0.043
J225506.58+623534.7 109.989 2.682 12.119 0.025 11.529 0.023 8.592 0.045 6.814 0.159
[BKP2003]10710 J225319.75+624534.1 109.877 2.921 13.050 0.032 11.094 0.022 8.544 0.026 5.745 0.034
J225326.13+624547.3 109.890 2.918 12.739 0.051 11.141 0.024 8.021 0.023 4.910 0.024
[BKP2003]10711 J221247.34+594407.0 104.144 2.782 14.209 0.058 13.502 0.049 10.254 0.071 7.590 0.131
[BKP2003]10713 J221252.26+595423.0 104.250 2.917 14.177 0.036 13.078 0.027 10.406 0.082 7.395 0.101
J221259.09+595226.4 104.244 2.882 15.933 0.072 14.724 0.058 10.393 0.066 7.239 0.091
J221259.74+595247.8 104.248 2.886 15.232 0.038 14.350 0.043 10.904 0.089 7.197 0.093
J221301.10+595223.7 104.247 2.879 13.156 0.040 12.593 0.028 7.541 0.015 5.892 0.042
J221314.94+595439.0 104.292 2.894 11.460 0.025 10.811 0.021 6.054 0.013 4.365 0.025
J221316.60+595428.2 104.293 2.889 13.075 0.034 12.056 0.025 8.802 0.030 5.813 0.047
J221322.22+595300.2 104.289 2.862 13.894 0.050 13.254 0.030 9.096 0.054 6.377 0.063
[BKP2003]10715 J232749.66+660423.3 114.585 4.566 15.625 0.041 14.704 0.050 11.317 0.093 8.909 0.251
[BKP2003]10717 J020608.00+622644.7 131.450 0.816 14.412 0.030 13.795 0.038 11.428 0.189 8.234 0.233
J020626.53+622822.6 131.477 0.852 16.993 0.123 16.202 0.195 11.472 0.204 8.051 0.233
J020648.22+622935.2 131.511 0.883 15.070 0.046 14.308 0.054 10.794 0.100 8.764 0.488
[BKP2003]10719 J013045.12+640110.2 127.222 1.476 14.750 0.045 12.392 0.034 8.613 0.032 5.232 0.045
J013045.62+640058.5 127.223 1.473 13.843 0.027 12.761 0.029 9.591 0.046 5.636 0.038
J013046.00+640106.0 127.224 1.475 14.224 0.035 12.321 0.033 8.824 0.039 6.119 0.091
J013059.41+640131.4 127.247 1.486 13.739 0.026 12.245 0.024 9.975 0.053 7.170 0.100
[BKP2003]10720 J020002.15+632424.8 130.520 1.550 15.085 0.050 13.631 0.037 10.669 0.102 7.489 0.170
J020004.46+632313.2 130.529 1.532 15.471 0.050 14.384 0.049 11.302 0.164 8.597 0.308
[BKP2003]10724 J221300.67+601248.1 104.439 3.159 13.559 0.028 12.470 0.024 9.672 0.038 6.643 0.058
J221319.35+601129.1 104.459 3.119 14.434 0.029 13.634 0.028 10.761 0.086 8.121 0.197
[BKP2003]10725 J221336.25+600713.0 104.447 3.041 15.117 0.038 14.284 0.042 11.319 0.128 8.710 null
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Molecular Cloud AllWISE Coordinate 3.4 µm σ3.4 4.6 µm σ4.6 12 µm σ12 22 µm σ22
Sourcea l (deg) b (deg) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
[BKP2003]10728 J024108.19+602427.5 136.079 0.367 15.243 0.045 14.594 0.055 10.682 0.109 8.149 null
[BKP2003]10730 J014754.00+633617.6 129.158 1.418 15.023 0.146 14.405 0.047 11.534 0.194 9.081 null
J014812.13+633604.8 129.192 1.422 15.049 0.038 14.469 0.048 10.386 0.073 8.198 0.232
[BKP2003]10731 J015206.74+634727.7 129.571 1.704 14.083 0.029 13.548 0.032 9.051 0.029 6.198 0.055
J015208.78+634714.0 129.575 1.701 11.585 0.022 11.008 0.021 6.073 0.014 4.134 0.026
[BKP2003]10732 J013313.23+641759.0 127.444 1.795 12.649 0.024 11.186 0.021 7.903 0.018 5.025 0.032
J013313.28+641743.8 127.444 1.791 12.119 0.035 11.446 0.028 6.570 0.013 4.721 0.027
J013343.84+642047.3 127.491 1.850 14.211 0.028 13.325 0.031 10.464 0.079 6.814 0.082
J013345.83+642059.8 127.494 1.854 13.356 0.025 12.048 0.023 8.910 0.031 5.246 0.034
J013348.35+642052.9 127.498 1.853 15.039 0.035 13.994 0.036 10.724 0.109 6.891 0.086
J013405.13+642234.8 127.524 1.886 15.390 0.049 14.651 0.058 11.714 0.215 8.910 null
J013415.73+642203.5 127.544 1.880 13.909 0.031 12.405 0.026 10.231 0.075 7.325 0.132
J013416.87+642157.9 127.546 1.879 13.634 0.026 12.716 0.027 10.045 0.059 6.677 0.067
J013420.93+642218.0 127.552 1.886 14.677 0.040 14.056 0.051 9.105 0.037 7.022 0.090
J013421.26+642214.6 127.553 1.885 15.522 0.051 14.302 0.052 9.607 0.055 7.036 0.113
J013422.74+642142.7 127.557 1.877 13.968 0.029 12.780 0.026 9.792 0.057 7.340 0.143
J013430.41+642249.9 127.568 1.897 14.899 0.032 14.021 0.037 11.177 0.147 8.102 0.219
J013432.78+642259.5 127.572 1.901 13.995 0.027 13.070 0.027 10.154 0.063 6.870 0.077
J013432.80+642316.2 127.571 1.905 12.914 0.024 11.733 0.021 9.086 0.032 6.317 0.051
[BKP2003]10733 J014554.78+640518.7 128.841 1.844 14.506 0.036 13.560 0.037 10.487 0.082 8.032 0.218
J014556.06+640509.5 128.844 1.842 14.050 0.031 12.728 0.026 9.880 0.051 7.580 0.145
J014610.75+640701.4 128.863 1.878 14.038 0.027 12.644 0.024 9.320 0.035 7.149 0.113
[BKP2003]10734 J014825.23+640920.8 129.094 1.968 13.476 0.030 12.546 0.027 8.828 0.031 6.042 0.047
J014828.77+640900.7 129.101 1.964 11.439 0.023 10.841 0.020 5.650 0.014 3.834 0.024
J014830.18+640921.6 129.102 1.970 12.706 0.023 12.090 0.023 7.866 0.024 5.480 0.035
J014833.94+640903.8 129.110 1.967 13.591 0.030 12.226 0.024 8.619 0.032 5.771 0.049
J014835.61+640908.2 129.113 1.969 13.912 0.031 13.043 0.029 9.224 0.039 5.969 0.048
J014839.77+640946.8 129.118 1.981 12.686 0.025 11.725 0.021 9.444 0.041 6.709 0.085
J014842.28+641031.7 129.120 1.994 12.850 0.030 11.892 0.023 9.776 0.049 7.494 0.165
[BKP2003]10735 J014438.30+640228.5 128.714 1.768 14.700 0.047 13.196 0.035 9.774 0.057 6.040 0.076
J014438.81+640241.6 128.714 1.772 14.652 0.031 13.376 0.029 10.592 0.088 6.865 0.083
J014439.56+640213.7 128.717 1.765 13.824 0.027 12.531 0.024 9.583 0.040 6.036 0.049
J014440.59+640455.3 128.710 1.809 14.868 0.040 14.201 0.045 11.205 0.160 8.659 null
J014441.61+640316.4 128.717 1.783 13.823 0.031 12.888 0.027 10.141 0.065 8.490 0.323
J014451.13+641236.5 128.702 1.939 12.675 0.037 11.706 0.034 8.603 0.033 5.752 0.049
J014456.01+635311.1 128.778 1.624 15.057 0.042 14.297 0.044 10.626 0.131 8.506 0.342
J014501.50+641216.7 128.722 1.937 13.282 0.027 12.359 0.023 9.359 0.039 7.070 0.115
J014516.42+640946.1 128.757 1.902 14.643 0.032 13.941 0.037 9.478 0.041 7.043 0.108
J014527.24+641434.3 128.760 1.984 11.904 0.025 10.940 0.021 7.079 0.016 4.592 0.032
J014531.61+641503.1 128.766 1.994 13.975 0.030 13.407 0.032 8.125 0.031 5.767 0.060
J014531.62+641451.8 128.766 1.991 13.994 0.030 13.041 0.027 8.223 0.033 5.586 0.049
J014532.98+641515.0 128.767 1.997 12.881 0.027 12.341 0.025 7.272 0.026 4.831 0.043
J014536.86+641555.3 128.772 2.010 11.384 0.024 10.862 0.022 5.694 0.022 1.416 0.017
J014538.85+641908.2 128.764 2.063 14.127 0.045 13.431 0.037 9.620 0.061 6.707 0.084
J014539.89+641601.1 128.777 2.012 8.428 0.014 7.856 0.017 3.925 0.012 0.159 0.014
J014540.14+641608.5 128.777 2.015 8.266 0.024 6.995 0.021 3.830 0.016 0.806 0.021
J014541.17+641632.1 128.777 2.021 12.950 0.029 12.105 0.027 6.946 0.022 3.323 0.018
J014542.55+641906.4 128.771 2.064 11.077 0.024 10.518 0.021 7.903 0.022 5.518 0.039
J014551.23+641605.7 128.797 2.018 11.299 0.024 9.811 0.021 6.755 0.016 4.230 0.023
J014552.52+641608.6 128.799 2.019 11.269 0.022 10.302 0.020 7.104 0.016 4.754 0.027
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Molecular Cloud AllWISE Coordinate 3.4 µm σ3.4 4.6 µm σ4.6 12 µm σ12 22 µm σ22
Sourcea l (deg) b (deg) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
J014607.43+641457.6 128.829 2.006 12.860 0.026 11.926 0.022 8.870 0.032 6.229 0.068
J014608.79+641829.0 128.819 2.064 14.580 0.033 13.012 0.029 9.845 0.053 7.672 0.186
J014615.41+641914.4 128.828 2.078 15.026 0.041 14.347 0.049 11.010 0.124 8.129 0.282
[BKP2003]10736 J014646.00+642308.8 128.869 2.154 15.246 0.043 14.532 0.060 10.743 0.097 7.673 0.208
J014712.97+642045.7 128.925 2.125 13.448 0.027 12.503 0.028 9.592 0.039 7.154 0.110
J014715.07+642129.5 128.926 2.138 13.988 0.033 13.206 0.038 8.579 0.023 6.340 0.060
J014716.10+642136.5 128.927 2.140 13.596 0.030 12.842 0.032 10.833 0.139 7.219 0.150
J014716.33+642132.2 128.928 2.139 13.284 0.028 12.413 0.027 8.575 0.025 6.334 0.065
J014716.60+642129.3 128.928 2.139 13.672 0.030 12.875 0.033 8.370 0.024 6.738 0.097
[BKP2003]10737 J005956.61+650546.4 123.828 2.239 13.831 0.026 13.275 0.029 10.919 0.132 8.464 0.324
[BKP2003]10739 J014055.46+645428.0 128.150 2.539 14.326 0.030 12.782 0.027 10.307 0.086 7.090 0.100
[BKP2003]10740 J221041.20+593618.2 103.852 2.827 15.812 0.066 14.648 0.056 11.168 0.158 8.546 0.270
J221051.71+593659.3 103.877 2.823 14.766 0.050 13.487 0.042 10.441 0.074 7.162 0.126
J221051.98+593705.5 103.878 2.825 14.284 0.036 13.664 0.042 11.272 0.150 7.117 0.123
J221117.84+593836.2 103.937 2.814 15.151 0.068 13.039 0.028 8.740 0.027 5.688 0.043
[BKP2003]10743 J234723.21+660408.2 116.492 4.001 13.134 0.025 11.832 0.023 9.174 0.027 6.410 0.046
[BKP2003]10744 J232503.18+654329.0 114.203 4.328 14.811 0.028 13.739 0.029 11.092 0.079 8.567 0.203
[BKP2003]10750 J015109.02+633544.2 129.512 1.489 14.451 0.092 13.152 0.035 9.480 0.050 6.591 0.076
[BKP2003]10752 J014722.46+634923.5 129.054 1.618 14.775 0.048 13.716 0.039 11.250 0.158 8.750 0.442
[BKP2003]10753 J011140.19+642332.0 125.117 1.606 13.393 0.028 12.756 0.029 9.262 0.042 6.889 0.100
J011141.78+642441.8 125.118 1.626 14.337 0.058 12.779 0.029 9.334 0.041 6.622 0.078
J011141.89+642448.9 125.118 1.628 15.382 0.056 14.765 0.076 10.318 0.094 6.963 0.104
[BKP2003]10755 J012149.14+644213.3 126.172 2.023 14.623 0.030 13.979 0.034 9.746 0.054 7.765 0.173
J012153.46+644001.7 126.184 1.988 14.934 0.032 13.958 0.035 11.197 0.164 8.349 0.248
J012209.47+644326.2 126.205 2.048 11.996 0.023 10.695 0.020 7.081 0.016 4.899 0.026
J012241.18+644223.9 126.263 2.037 16.818 0.127 15.044 0.072 11.211 0.171 8.741 0.414
J012249.63+644509.9 126.273 2.085 16.010 0.062 14.202 0.042 10.821 0.106 7.584 0.132
[BKP2003]10756 J014641.40+641422.8 128.892 2.009 11.326 0.023 10.518 0.020 7.140 0.016 5.074 0.032
[BKP2003]10758 J010055.33+650610.4 123.931 2.250 14.715 0.038 14.111 0.047 11.020 0.173 8.862 null
[BKP2003]10760 J220825.34+592404.7 103.499 2.827 14.775 0.029 13.789 0.032 11.027 0.107 8.281 0.215
[BKP2003]10761 J220837.71+592641.0 103.546 2.847 15.048 0.058 13.489 0.035 10.494 0.082 7.944 0.163
[BKP2003]10762 J220628.99+610313.9 104.272 4.308 14.835 0.031 14.076 0.038 11.752 0.205 8.673 null
J220715.93+610454.0 104.365 4.275 15.286 0.043 14.603 0.052 10.380 0.061 8.728 0.409
[BKP2003]10765 J011107.25+641222.4 125.072 1.416 13.441 0.030 12.877 0.028 10.514 0.090 7.876 0.163
[BKP2003]10766 J014510.78+634530.9 128.831 1.504 14.312 0.029 13.045 0.029 9.901 0.053 7.122 0.093
J014523.20+634651.7 128.848 1.531 14.231 0.030 13.060 0.030 10.374 0.088 8.185 0.302
[BKP2003]10770 J221240.73+614526.0 105.287 4.452 13.270 0.025 12.056 0.022 9.352 0.029 6.515 0.048
J221241.34+614513.5 105.286 4.448 12.907 0.023 12.084 0.022 8.779 0.023 6.575 0.049
J221244.12+614516.9 105.291 4.446 13.834 0.026 13.109 0.027 11.008 0.083 7.898 0.128
J221256.56+614434.8 105.304 4.422 13.235 0.026 11.853 0.022 9.440 0.030 7.101 0.074
[BKP2003]10771 J222518.59+630624.4 107.256 4.772 16.598 0.103 14.184 0.040 10.381 0.078 7.688 0.123
[BKP2003]10774 J014325.27+632903.2 128.695 1.196 14.772 0.033 13.811 0.033 11.337 0.157 8.733 null
J014409.73+633106.4 128.769 1.246 14.592 0.032 13.287 0.028 10.384 0.071 7.897 0.193
J014419.01+633619.0 128.768 1.334 13.557 0.027 12.623 0.026 9.926 0.072 6.996 0.080
J014421.74+633625.8 128.773 1.337 13.172 0.025 11.613 0.022 8.488 0.026 5.133 0.028
J014425.33+633636.8 128.779 1.342 9.984 0.023 8.028 0.019 5.546 0.015 3.015 0.020
J014426.32+633520.5 128.785 1.321 13.400 0.025 12.055 0.021 8.811 0.028 6.766 0.084
J014438.57+633154.6 128.819 1.270 14.526 0.033 13.192 0.031 9.348 0.036 7.360 0.123
J014503.06+634054.5 128.833 1.426 14.882 0.038 14.324 0.050 11.525 0.204 8.342 null
J014506.09+633541.2 128.856 1.342 14.135 0.028 13.018 0.026 10.661 0.095 7.423 0.141
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Molecular Cloud AllWISE Coordinate 3.4 µm σ3.4 4.6 µm σ4.6 12 µm σ12 22 µm σ22
Sourcea l (deg) b (deg) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
J014508.14+633411.7 128.865 1.319 14.220 0.032 13.554 0.033 11.124 0.134 8.362 0.294
J014510.46+633428.9 128.868 1.324 12.085 0.023 10.923 0.020 8.640 0.029 6.840 0.084
J014532.78+633541.6 128.904 1.352 13.391 0.032 12.527 0.027 10.141 0.059 7.388 0.139
J014535.07+633555.8 128.908 1.357 13.650 0.027 12.516 0.024 9.859 0.046 7.193 0.093
[BKP2003]10775 J011157.51+642023.5 125.152 1.557 14.211 0.034 13.482 0.031 9.102 0.039 6.454 0.077
J011201.15+642028.8 125.158 1.559 11.953 0.024 11.387 0.022 8.867 0.035 6.586 0.071
J011202.41+642040.9 125.160 1.562 13.542 0.028 12.920 0.029 9.347 0.037 6.990 0.098
[BKP2003]10776 J014541.75+634850.3 128.875 1.570 13.441 0.028 12.325 0.024 9.694 0.054 6.525 0.077
J014542.05+634859.3 128.875 1.573 12.832 0.025 12.130 0.024 9.519 0.048 6.935 0.093
J014552.32+634947.1 128.891 1.590 14.412 0.037 13.882 0.041 10.329 0.086 8.566 0.472
J014553.01+634854.7 128.895 1.576 14.806 0.038 13.588 0.033 10.555 0.079 8.466 0.332
[BKP2003]10777 J003328.40+644348.6 121.015 1.925 11.622 0.023 10.829 0.021 8.267 0.021 6.004 0.055
J003337.51+644350.7 121.031 1.925 16.011 0.056 14.076 0.037 10.836 0.100 7.504 0.133
[BKP2003]10780 J220347.25+585927.1 102.777 2.844 15.127 0.041 14.523 0.048 12.100 0.216 9.252 0.442
J220419.64+590754.0 102.917 2.916 14.343 0.037 12.831 0.026 10.241 0.061 7.120 0.085
[BKP2003]10783 J221055.96+615119.2 105.174 4.650 14.084 0.031 13.280 0.030 8.560 0.025 6.472 0.049
[BKP2003]10784 J010955.73+642139.6 124.931 1.561 16.462 0.082 15.722 0.118 11.477 0.206 8.684 null
J011023.83+642235.6 124.981 1.580 13.422 0.027 12.799 0.029 10.670 0.098 8.905 0.478
J011058.05+642708.7 125.036 1.661 13.452 0.027 12.044 0.023 8.616 0.028 6.221 0.059
[BKP2003]10785 J015924.37+632736.4 130.438 1.583 14.279 0.033 13.668 0.037 9.681 0.051 7.907 0.206
[BKP2003]10787 J002045.36+644200.1 119.660 2.023 15.061 0.040 14.546 0.049 10.447 0.073 8.522 0.278
[BKP2003]10789 J220722.77+591120.4 103.267 2.732 13.344 0.024 12.329 0.023 9.956 0.054 7.731 0.133
[BKP2003]10792 J011118.39+645554.3 125.036 2.141 14.428 0.028 13.212 0.027 10.716 0.097 6.848 0.080
J011120.06+645717.2 125.037 2.164 13.541 0.027 12.703 0.029 9.973 0.047 7.616 0.131
[BKP2003]10792 J011121.48+645634.0 125.040 2.153 15.628 0.061 14.906 0.069 11.029 0.140 8.389 0.305
[BKP2003]10793 J004830.36+650412.8 122.623 2.200 14.270 0.036 12.916 0.028 9.781 0.053 6.999 0.082
J004838.49+650234.5 122.637 2.173 17.208 0.136 14.741 0.051 10.873 0.137 7.077 0.095
[BKP2003]10794 J010751.15+652121.9 124.644 2.539 8.458 0.025 7.246 0.020 1.410 0.008 -2.147 0.002
J010753.17+652108.3 124.647 2.535 10.534 0.054 9.737 0.038 5.214 0.023 0.466 0.009
[BKP2003]10795 J010653.78+652032.5 124.545 2.519 12.752 0.025 11.500 0.022 9.046 0.034 6.629 0.075
J010658.60+652057.7 124.553 2.527 12.146 0.042 11.249 0.028 6.090 0.015 4.056 0.027
J010701.18+652048.7 124.557 2.524 10.853 0.018 10.351 0.022 7.836 0.021 4.422 0.032
J010704.56+652053.9 124.563 2.526 11.553 0.033 9.953 0.022 6.684 0.016 4.768 0.032
[BKP2003]10796 J010420.48+651404.5 124.284 2.397 13.211 0.024 12.271 0.023 9.767 0.051 7.880 0.183
J010421.11+651426.4 124.285 2.403 14.788 0.033 13.728 0.033 11.168 0.123 8.981 0.495
J010453.56+652008.0 124.336 2.501 15.281 0.035 14.340 0.042 11.125 0.168 8.505 0.312
J010512.57+651651.8 124.372 2.448 14.977 0.031 13.786 0.033 11.295 0.148 8.736 0.448
J010545.40+651712.4 124.429 2.457 15.013 0.032 13.740 0.031 11.116 0.134 8.460 null
J010601.25+652144.1 124.452 2.534 14.807 0.035 13.801 0.039 11.207 0.150 9.012 0.453
J010607.71+652030.5 124.465 2.514 14.857 0.039 13.815 0.044 10.123 0.062 7.587 0.146
J010609.38+652055.9 124.467 2.521 13.394 0.027 12.159 0.024 9.705 0.042 6.781 0.067
J010609.85+652034.4 124.468 2.515 14.547 0.035 13.224 0.034 9.779 0.044 6.962 0.085
J010624.58+652058.6 124.494 2.523 11.704 0.023 9.960 0.020 6.641 0.015 4.080 0.025
J010630.79+651839.8 124.507 2.485 14.044 0.027 11.708 0.022 7.514 0.017 4.201 0.021
J010631.37+651903.9 124.507 2.492 10.348 0.023 9.237 0.020 6.705 0.016 4.241 0.021
J010634.81+652010.1 124.512 2.511 12.083 0.023 10.929 0.020 8.742 0.026 6.554 0.062
[BKP2003]10797 J215832.45+593809.4 102.632 3.762 11.487 0.022 10.975 0.021 5.536 0.013 3.457 0.023
J215832.69+593400.6 102.590 3.707 15.003 0.066 13.316 0.030 10.476 0.071 7.317 0.088
J215834.25+593800.9 102.633 3.758 10.542 0.024 9.912 0.021 4.916 0.018 2.412 0.025
J215841.04+593715.6 102.637 3.740 14.548 0.031 13.319 0.028 8.748 0.030 5.988 0.047
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Table A2 (continued)
Molecular Cloud AllWISE Coordinate 3.4 µm σ3.4 4.6 µm σ4.6 12 µm σ12 22 µm σ22
Sourcea l (deg) b (deg) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
J215857.91+593709.4 102.664 3.716 15.150 0.067 13.861 0.048 10.493 0.083 7.625 0.149
J215858.98+593235.1 102.619 3.655 13.468 0.039 12.579 0.025 9.912 0.043 7.053 0.074
J215919.14+594010.0 102.730 3.729 13.763 0.027 12.971 0.026 10.476 0.061 7.785 0.118
J215919.96+594125.5 102.745 3.745 14.101 0.030 13.249 0.028 11.019 0.088 9.257 null
J215920.92+594217.7 102.755 3.755 13.357 0.026 12.756 0.025 10.086 0.051 9.188 0.485
[BKP2003]10798 J021620.61+631735.7 132.302 1.977 14.920 0.069 14.183 0.067 10.886 0.139 8.443 null
J021621.32+631736.6 132.303 1.977 14.027 0.032 13.459 0.034 10.402 0.082 8.625 0.442
[BKP2003]10803 J220734.11+592100.9 103.381 2.849 15.379 0.039 14.454 0.043 11.664 0.164 9.185 0.488
[BKP2003]10804 J001611.34+642156.3 119.130 1.754 13.742 0.032 13.198 0.032 10.892 0.074 8.797 null
J001611.57+642157.7 119.130 1.755 13.951 0.031 13.361 0.029 11.060 0.083 9.008 null
J001618.54+641736.5 119.133 1.681 13.989 0.028 12.915 0.027 10.365 0.042 7.649 0.098
J001626.91+642014.9 119.154 1.723 14.255 0.025 13.478 0.027 10.813 0.066 8.265 0.170
J001633.14+642214.7 119.170 1.754 13.315 0.033 12.311 0.023 9.848 0.035 6.419 0.053
J001635.56+642014.1 119.169 1.720 11.779 0.022 10.510 0.020 7.730 0.017 5.312 0.027
J001635.86+641954.8 119.169 1.715 12.266 0.022 11.250 0.021 8.445 0.018 5.863 0.032
[BKP2003]10805 J001507.57+641812.3 119.007 1.709 15.398 0.043 14.890 0.057 11.012 0.065 9.441 0.441
J001518.29+641822.5 119.027 1.709 14.205 0.036 13.560 0.036 10.660 0.056 8.439 0.205
[BKP2003]10807 J021707.62+631625.0 132.392 1.987 14.590 0.044 13.651 0.038 10.065 0.063 6.901 0.107
[BKP2003]10811 J011926.47+654545.5 125.804 3.047 10.235 0.022 9.566 0.020 4.679 0.014 1.081 0.016
[BKP2003]10812 J011402.67+655707.4 125.235 3.182 15.826 0.051 15.260 0.087 11.522 0.192 8.314 0.251
[BKP2003]10816 J220506.15+604857.9 103.996 4.215 13.226 0.025 12.186 0.023 9.160 0.034 6.509 0.061
J220514.85+604840.0 104.007 4.200 9.804 0.022 9.114 0.019 4.223 0.013 1.253 0.012
J220518.81+604843.3 104.014 4.196 12.811 0.024 12.269 0.023 8.057 0.021 4.873 0.036
[BKP2003]10819 J021638.73+635124.2 132.152 2.521 13.079 0.025 11.902 0.023 9.302 0.037 7.170 0.105
[BKP2003]10820 J005612.64+652442.8 123.429 2.545 15.780 0.104 14.802 0.066 10.445 0.207 8.131 null
[BKP2003]10824 J220609.07+604241.3 104.037 4.055 9.065 0.023 8.259 0.020 5.553 0.014 3.291 0.016
[BKP2003]10827 J231356.85+651139.1 112.934 4.232 16.117 0.049 13.425 0.028 10.831 0.085 7.987 0.136
[BKP2003]10828 J011230.93+644506.5 125.178 1.972 12.075 0.024 11.003 0.021 8.727 0.027 6.515 0.067
J011324.04+645245.1 125.262 2.107 11.177 0.022 10.528 0.021 7.949 0.022 5.558 0.035
[BKP2003]10829 J011622.85+650014.7 125.565 2.260 11.076 0.022 10.278 0.021 8.186 0.020 6.741 0.065
[BKP2003]10830 J220000.52+594259.6 102.828 3.714 12.857 0.026 11.223 0.020 7.935 0.023 4.919 0.035
J220001.96+594304.6 102.832 3.713 14.656 0.038 14.029 0.036 10.530 0.108 6.609 0.061
[BKP2003]10831 J010113.90+652137.6 123.953 2.508 14.584 0.033 14.068 0.043 11.422 0.214 8.612 0.396
J010122.48+652111.4 123.969 2.502 15.410 0.046 14.559 0.053 10.173 0.066 6.544 0.072
J010133.77+652046.0 123.989 2.495 12.763 0.025 12.224 0.023 7.895 0.019 6.211 0.055
[BKP2003]10832 J011649.95+652935.5 125.564 2.751 14.042 0.032 12.570 0.027 9.385 0.045 7.080 0.097
[BKP2003]10834 J000153.60+640836.2 117.562 1.790 14.102 0.026 13.465 0.026 11.014 0.081 8.819 0.237
[BKP2003]10835 J005242.61+641316.5 123.070 1.350 14.170 0.036 12.969 0.028 9.274 0.034 6.395 0.062
[BKP2003]10836 J231310.32+630839.3 112.097 2.358 14.345 0.044 13.818 0.036 9.966 0.064 7.314 0.085
J231317.89+631031.3 112.122 2.382 15.272 0.045 13.746 0.035 10.673 0.064 6.822 0.056
[BKP2003]10841 J000658.92+640134.2 118.087 1.573 14.091 0.032 13.071 0.030 10.255 0.060 7.612 0.120
J000712.58+635943.6 118.107 1.539 16.419 0.088 14.552 0.056 11.707 0.163 8.071 0.176
J000712.95+635931.8 118.107 1.536 14.397 0.045 12.641 0.027 8.873 0.025 5.765 0.037
J000714.56+640004.8 118.111 1.544 14.852 0.034 13.190 0.028 10.340 0.049 6.684 0.049
J000715.53+640010.4 118.113 1.545 14.908 0.039 13.338 0.034 10.454 0.053 7.304 0.079
J000717.25+640007.6 118.116 1.544 13.219 0.024 12.064 0.023 9.218 0.025 6.447 0.044
J000718.37+640155.4 118.123 1.573 13.862 0.025 12.958 0.023 10.266 0.055 7.982 0.122
J000721.70+640420.9 118.136 1.612 12.393 0.023 11.208 0.021 8.475 0.032 5.685 0.039
J000724.05+640114.5 118.132 1.560 13.123 0.024 12.046 0.023 9.048 0.025 6.287 0.044
[BKP2003]10844 J231043.38+630230.3 111.802 2.367 15.515 0.042 14.962 0.063 10.298 0.107 8.441 0.238
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Table A2 (continued)
Molecular Cloud AllWISE Coordinate 3.4 µm σ3.4 4.6 µm σ4.6 12 µm σ12 22 µm σ22
Sourcea l (deg) b (deg) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
[BKP2003]10845 J000625.70+635804.3 118.017 1.527 14.882 0.053 13.728 0.040 11.148 0.092 8.180 0.148
J000626.43+640035.1 118.026 1.568 12.972 0.024 12.139 0.022 8.754 0.026 6.409 0.052
J000636.77+640033.3 118.045 1.564 15.633 0.043 15.127 0.062 11.213 0.108 9.140 0.361
[BKP2003]10848 J231212.61+624817.0 111.870 2.084 14.102 0.027 13.320 0.028 9.856 0.077 7.208 0.091
J231217.10+624905.8 111.883 2.093 13.705 0.033 12.164 0.026 8.587 0.029 6.761 0.086
J231218.40+624911.2 111.885 2.094 12.406 0.025 11.788 0.021 9.326 0.041 6.400 0.071
J231221.77+624855.1 111.890 2.087 15.352 0.035 14.587 0.045 10.568 0.114 7.578 0.119
[BKP2003]10849 J230033.83+623522.4 110.556 2.413 13.444 0.041 12.681 0.030 8.743 0.049 6.734 0.067
J230034.77+623436.1 110.553 2.400 11.016 0.023 10.388 0.020 7.787 0.061 5.421 0.089
[BKP2003]10850 J231047.13+625527.8 111.764 2.256 11.910 0.023 11.098 0.022 8.238 0.020 5.986 0.048
J231048.49+625528.1 111.766 2.255 13.079 0.031 12.058 0.030 9.475 0.042 7.215 0.118
[BKP2003]10851 J010352.97+642448.4 124.276 1.574 12.757 0.024 11.867 0.022 9.420 0.037 6.631 0.075
J010354.14+642422.3 124.278 1.567 15.019 0.039 14.340 0.053 11.357 0.174 8.318 0.262
J010426.49+642236.4 124.338 1.541 15.522 0.060 14.856 0.068 11.002 0.143 8.260 null
[BKP2003]10852 J010320.71+645919.6 124.191 2.146 14.225 0.030 13.328 0.034 10.615 0.101 8.301 0.266
[BKP2003]10853 J223955.50+610313.7 107.689 2.136 13.972 0.049 12.559 0.024 9.600 0.036 5.745 0.044
[BKP2003]10855 J225010.87+621257.5 109.310 2.595 14.861 0.034 13.754 0.033 10.829 0.097 9.214 0.456
[BKP2003]10857 J000441.96+633202.7 117.752 1.133 13.936 0.024 12.690 0.024 9.830 0.044 7.238 0.076
J000442.94+633146.3 117.753 1.129 14.607 0.034 13.863 0.036 11.129 0.090 7.910 0.121
J000454.36+633002.5 117.769 1.096 13.195 0.042 11.872 0.024 8.927 0.024 5.753 0.032
J000511.13+632920.8 117.798 1.079 15.724 0.052 14.512 0.049 10.537 0.061 8.042 0.136
[BKP2003]10858 J005325.27+642216.9 123.146 1.501 14.858 0.032 14.073 0.038 11.201 0.193 8.003 0.216
[BKP2003]10859 J004821.04+643039.8 122.600 1.641 14.639 0.111 14.108 0.114 8.945 0.071 3.382 0.019
J004823.72+643043.4 122.604 1.642 10.300 0.022 9.459 0.018 4.698 0.013 0.899 0.013
[BKP2003]10861 J004735.90+643533.1 122.520 1.724 13.691 0.025 12.569 0.023 9.909 0.055 7.120 0.100
J004741.38+643531.6 122.530 1.723 14.718 0.028 13.219 0.025 10.211 0.066 7.480 0.138
[BKP2003]10862 J013841.51+642228.8 128.015 1.970 12.341 0.025 10.727 0.021 8.058 0.019 5.443 0.037
[BKP2003]10863 J233230.63+633126.0 114.270 1.987 15.717 0.068 15.104 0.076 10.164 0.048 7.611 0.121
[BKP2003]10864 J000610.04+635759.3 117.989 1.530 15.087 0.055 13.970 0.038 10.844 0.075 7.379 0.084
J000615.51+640032.2 118.006 1.570 13.991 0.045 12.269 0.024 9.522 0.037 6.785 0.057
J000625.70+635804.3 118.017 1.527 14.882 0.053 13.728 0.040 11.148 0.092 8.180 0.148
J000626.43+640035.1 118.026 1.568 12.972 0.024 12.139 0.022 8.754 0.026 6.409 0.052
J000636.77+640033.3 118.045 1.564 15.633 0.043 15.127 0.062 11.213 0.108 9.140 0.361
[BKP2003]10866 J000425.69+635928.0 117.806 1.588 12.024 0.024 10.760 0.020 8.209 0.027 5.590 0.038
[BKP2003]10867 J011320.20+644848.5 125.260 2.041 12.774 0.020 12.054 0.019 8.228 0.016 5.421 0.022
[BKP2003]10870 J225222.87+622846.8 109.656 2.717 13.979 0.033 13.048 0.033 8.602 0.038 5.661 0.046
[BKP2003]10871 J225314.02+623033.0 109.757 2.700 11.332 0.023 10.391 0.020 8.309 0.030 6.028 0.042
J225315.97+623321.8 109.781 2.741 12.242 0.037 11.459 0.024 8.745 0.044 6.986 0.069
J225324.29+623047.6 109.777 2.695 11.915 0.023 11.069 0.021 8.511 0.032 6.241 0.055
J225326.34+623153.6 109.789 2.710 11.444 0.022 10.781 0.019 7.943 0.029 5.464 0.034
J225329.22+623020.0 109.782 2.684 13.755 0.029 13.195 0.030 8.801 0.027 6.754 0.062
J225332.23+623353.7 109.813 2.735 10.432 0.022 9.895 0.020 7.331 0.020 5.144 0.028
J225333.84+623013.4 109.789 2.679 12.900 0.025 12.266 0.024 10.117 0.064 8.018 0.154
J225336.50+623334.3 109.818 2.727 13.376 0.059 12.095 0.038 9.849 0.084 7.230 0.098
J225340.98+623331.4 109.826 2.722 11.295 0.023 10.469 0.020 8.137 0.024 6.333 0.053
[BKP2003]10872 J233535.42+622542.0 114.281 0.837 10.827 0.021 9.816 0.020 6.995 0.018 4.689 0.025
J233542.66+622528.5 114.293 0.830 14.065 0.034 12.988 0.028 10.520 0.068 7.775 0.145
J233600.88+622352.0 114.319 0.794 15.587 0.053 14.810 0.053 10.020 0.045 7.102 0.079
J233608.23+622346.3 114.332 0.788 10.210 0.022 9.514 0.020 5.475 0.014 3.070 0.018
J233623.28+622429.7 114.363 0.792 15.568 0.059 14.607 0.060 10.725 0.077 7.920 0.154
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Table A2 (continued)
Molecular Cloud AllWISE Coordinate 3.4 µm σ3.4 4.6 µm σ4.6 12 µm σ12 22 µm σ22
Sourcea l (deg) b (deg) (mag) (mag) (mag) (mag) (mag) (mag) (mag) (mag)
J233624.79+622451.0 114.368 0.797 14.480 0.027 13.639 0.029 10.749 0.074 6.869 0.060
J233625.51+622503.0 114.370 0.799 13.312 0.030 12.008 0.031 9.610 0.050 5.911 0.061
J233625.54+622507.6 114.371 0.801 14.732 0.077 13.329 0.077 10.520 0.103 6.597 0.108
[BKP2003]10873 J233512.77+622503.6 114.236 0.840 14.404 0.036 13.342 0.032 10.433 0.057 7.182 0.080
[BKP2003]10874 J013744.37+643509.8 127.875 2.160 13.517 0.027 12.795 0.025 10.381 0.079 7.902 0.210
[BKP2003]10875 J013908.36+644823.7 127.983 2.404 14.422 0.063 13.637 0.038 10.851 0.105 8.148 0.218
J013909.05+644904.1 127.982 2.415 13.470 0.026 12.696 0.026 9.708 0.047 6.906 0.074
J013910.54+644650.0 127.991 2.379 15.818 0.072 14.287 0.053 11.607 0.216 8.485 null
[BKP2003]10876 J234938.64+642649.9 116.329 2.371 13.172 0.034 11.889 0.023 9.070 0.027 6.291 0.044
[BKP2003]10877 J020504.94+630314.9 131.163 1.365 13.830 0.030 12.895 0.028 10.340 0.069 7.650 0.168
J020508.25+630511.5 131.160 1.398 13.692 0.026 12.997 0.029 9.904 0.050 7.505 0.139
J020508.31+630452.9 131.161 1.393 13.781 0.030 12.462 0.027 9.475 0.044 6.297 0.065
[BKP2003]10878 J225159.26+614328.7 109.280 2.061 13.479 0.029 12.022 0.022 9.533 0.041 6.388 0.049
J225200.17+614507.9 109.294 2.085 14.011 0.025 11.990 0.021 8.987 0.037 5.859 0.041
J225200.24+614337.1 109.283 2.062 14.385 0.029 13.150 0.026 10.592 0.084 7.093 0.088
[BKP2003]10883 J005621.64+642108.1 123.465 1.486 15.068 0.044 14.506 0.053 11.351 0.163 8.717 0.428
J005632.65+642159.0 123.484 1.500 11.494 0.022 10.419 0.020 7.961 0.019 5.476 0.033
[BKP2003]10885 J024825.92+582846.8 137.734 -0.989 14.539 0.033 13.228 0.030 9.903 0.056 7.629 0.139
J024830.64+582700.5 137.756 -1.011 14.859 0.040 14.356 0.050 10.871 0.110 8.271 0.222
J024831.69+582639.8 137.761 -1.015 14.996 0.049 14.496 0.058 10.376 0.078 8.235 0.229
J024838.52+582832.8 137.760 -0.980 15.097 0.045 14.528 0.056 10.562 0.119 7.788 0.170
[BKP2003]10886 J024801.66+582222.8 137.732 -1.108 14.423 0.030 13.028 0.028 9.707 0.042 7.472 0.129
J024822.19+582249.7 137.770 -1.082 14.037 0.028 12.966 0.027 10.166 0.063 7.960 0.214
J024826.90+582357.6 137.771 -1.060 13.571 0.033 12.424 0.028 9.812 0.061 7.182 0.155
J024828.69+582331.9 137.777 -1.065 12.686 0.023 11.495 0.021 8.358 0.026 5.042 0.034
J024829.02+582414.5 137.773 -1.054 15.489 0.068 14.590 0.052 10.719 0.110 7.624 0.133
J024835.25+582336.1 137.790 -1.058 12.626 0.025 11.611 0.022 9.124 0.038 6.767 0.085
J024844.84+582336.1 137.809 -1.049 12.076 0.023 11.062 0.020 8.240 0.022 5.856 0.046
[BKP2003]10888 J004620.92+643807.9 122.387 1.769 14.550 0.030 13.840 0.033 10.080 0.062 7.693 0.191
[BKP2003]10890 J005524.53+643057.4 123.359 1.648 14.098 0.031 13.412 0.032 10.842 0.088 8.434 null
J005533.21+643141.7 123.375 1.660 15.306 0.041 14.445 0.048 11.276 0.143 8.288 null
[BKP2003]10892 J003955.48+655502.7 121.756 3.072 12.369 0.023 11.238 0.021 8.297 0.022 5.877 0.042
J004022.86+655655.4 121.804 3.101 16.356 0.067 15.201 0.076 11.689 0.193 8.720 null
J004029.86+655401.5 121.814 3.053 11.665 0.022 10.860 0.020 7.166 0.015 5.011 0.028
J004031.66+655425.7 121.817 3.059 15.448 0.045 14.918 0.070 11.595 0.183 8.230 0.233
[BKP2003]10895 J004940.49+652447.3 122.748 2.542 13.165 0.043 12.627 0.036 7.509 0.020 5.516 0.051
J004942.54+652304.1 122.752 2.513 13.280 0.030 12.739 0.029 10.151 0.122 7.837 0.227
J004954.92+652513.1 122.773 2.549 10.175 0.023 9.061 0.021 5.670 0.015 3.044 0.025
J004958.13+652502.3 122.779 2.546 12.471 0.035 11.118 0.026 6.375 0.016 3.459 0.029
[BKP2003]10896 J235754.66+661547.8 117.574 3.950 11.944 0.025 10.984 0.021 7.486 0.021 5.211 0.034
J235802.21+661721.2 117.591 3.973 10.658 0.023 9.489 0.021 7.113 0.018 4.523 0.026
[BKP2003]10897 J000437.02+655245.9 118.168 3.442 16.810 0.083 15.621 0.095 11.831 0.148 9.062 0.346
[BKP2003]10898 J235039.85+654053.5 116.724 3.545 13.213 0.028 11.813 0.023 8.969 0.041 6.708 0.058
J235041.21+654014.1 116.724 3.534 14.845 0.051 14.337 0.046 8.424 0.024 5.866 0.039
aMore than one cloud at different velocities exists in the line of sight for the following 13 candidates: J024735.40+594927.3, J024427.51+604136.2,
J024440.19+604230.6, J005521.72+642642.8, J005538.36+642725.9, J024401.92+624822.3, J024129.21+604327.8, J231310.32+630839.3,
J231317.89+631031.3, J225340.98+623331.4, J000625.70+635804.3, J000626.43+640035.1, and J000636.77+640033.3.
